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TRANSLATOB'S    PHEPACE. 


TuE  rapidly  Lncreahiiig  recognition  of  the  importance  of  Embryologj- 
in  all  morphological  studies  makes  it  desirable  that  the  most  valuable 
text-books  upon  the  subject,  in  whatever  language,  le  made  avaUable 
for  those  who  are  beginning  its  study.  Although  the  Knglish-reading 
Student  already  has  at  command  a  numlier  of  text-books  upon  this 
Hubject,  it  is  evident  to  any  one  familiar  with  Hertwio's  Le/irbuch  der 
Snlici4Mung«gesehiehl«  deg  Menxhen  vnd  iter  h'irbtllkiere  that  thi» 
work  coverK  the  field  of  Vertebrate  Embrj-ology  in  a  more  complete 
and  safiafactoiy  way  than  any  book  heretofore  published  in  English. 

Two  impoi'tant  objects  to  be  accomplished  in  a  text-book  are : 
first,  a  clear  and  methodical  exposition  of  the  well-eHtablialied  facts 
of  the  science ;  and,  secondly,  such  a  presentation  of  unsettled 
i^umtions  as  shall  stimulate  the  reader  to  further  inquiry  and  re- 
search. I  believe  it  is  far  too  common  for  the  second  of  these  aims 
to  be  overlooked,  The  present  work  fulfils  both  requirements  in  on 
eminent  degree,  and  in  its  historical  surveys  exhibits  an  exceptional 
fairness  of  trenluent,  not  withstanding  the  author  has  been  one  of 
the  foremost  contestants  in  several  of  the  fields  reviewed.  The 
,Btunmaries  which  follow  the  discussions  of  the  several  topics  serve  a 
nseful  purpose  in  directing  attention  to  the  moi-e  important  conclu- 
Rons  drawn  from  each  suliject. 

I  have  aimed  to  give  a  clear  and  accurate  reproduction  of  the 
author's  ideas  ;  while  I  have  endeavored. — not  always  successfully — 

avoid  awkward  renderings  and  Oerman  idioms,  I  have  preferred 
on  the  side  of  a  too  literal  rather  than  a  too  Uberal  translation. 

lere  are  a  few  points  that  demand  a  brief  explanation.    The  German 

rord  ArUtuje  has  heretofore  been  variously  rendered  into  English 

Tvdimenl,  origin,  Ueginninti,  bniia,  foundation,  etc.,  while  some 

itfliB,  reoognisijig  the  inadequacy  of  any  of  these  words  ta  express 
idea,  have  incorporated  the  German  word  itself  in  their  English. 

llie  AiUaije  of  a  structure  is  its  beginning  or  its  undifferentiated 

X» — the  object    in   a   simple  condition    which  is  destined  to  be 
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vi  translator's  preface. 

followed  by  a  more  complicated  one.  The  use  of  rudiment  in  this 
sense  is  undesirable^  because,  in  the  interest  of  scientific  accuracy,  it 
is  important  to  I'estrict  its  meaning,  as  in  German,  to  a  structure 
which  is  not  destined  to  become  more  complicated,  but  which  may  have 
been,  either  ontogenetically  or  phylogenetically,  even  more  highly 
developed  than  it  now  is.  Origin  and  beginning  are  abstract  termsy 
whereas  Anlage  is  more  frequently  used  in  the  concrete ;  basis  and 
foundation  (Grundlage)  convey  a  wrong  impression — ^that  of  the  sub- 
stratum upon  which  the  structure  is  erected.  The  need  of  a  new 
word,  which  shall  be  used  in  the  sense  of  Anlage,  is  evident.  I 
suggest  the  adoption  of  an  already  existing  word^-^/undamevU, — used 
at  present  only  in  a  sense  with  which  the  proposed  usage  will  not 
produce  confusion.  This  word  has  been  uniformly  employed  in  the 
present  translation,  and  the  reader  will  see  how  readily  and  naturally 
it  lends  itself  to  this  use.  Fundament  would  thus  bear  the  same 
relation  to  foundation  that  Anlage  does  to  Grundlage. 

I  have  also  departed  from  authorised  usage  by  sometimes  employ- 
ing for  Bindegewebe  and  StiUzgewebe  the  term  euetentaiive  (in  a 
mechanical  sense)  tissue,  instead  of  connective  tissue.  My  reason 
for  this  is  the  narrower  meaning  of  connective  as  compared  with 
sustentative. 

In  deference  to  a  custom  still  followed  in  Human  Anatomy,  the 
author,  in  describing  the  relative  positions  of  parts,  has  very  generally 
used  anterior  and  posterior  for  dorsal  and  ventral,  etc.  Instead  of 
converting  these  expressions  into  terms  which  are  independent  of  the 
temporary  position  of  the  organism,  as  I  should  have  preferred,  it 
has  seemed  better  to  indicate  the  direction  by  a  bracketed  word  in 
those  cases  where  a  misunderstanding  was  most  likely  to  occur.  It 
has  of  course  not  been  necessary  to  repeat  this  after  each  term  of 
direction,  but  only  after  the  first  one  of  a  series,  the  reader's  atten- 
tion being  thus  sufiiciently  directed  to  the  matter  to  prevent  any 
misconception. 

The  rapid  advances  in  Embryology  make  it  impossible  for  a  book 
two  years  old  to  be  a  faithful  reflection  of  the  science  of  to-day  in  all 
its  branches ;  there  are  some  topics  in  which  even  radical  changes 
must  be  recognised.  I  have  thought  best,  however,  to  reproduce  the 
book  as  it  left  the  hands  of  its  author,  and  to  content  myself  with 
calling  the  reader's  attention  to  some  of  the  topics  in  which  the  most 
important  advances  have  been  made,  such  as  the  metamerism  of  the 
head,  and  the  plan  and  metamorphoses  of  the  vessels  of  the  visceral 
arches. 
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I  am  under  vei*y  great  obligations  to  my  colleague,  Dr.  G.  B. 
Davenport,  for  kind  assistance  and  valuable  critidsm,  but  for  which 
many  defects  of  the  translation  would  have  been  overlooked.  I  am 
also  indebted  to  Drs.  T.  G.  Lee,  H.  B.  Ward,  and  W.  McM.  Wood- 
worth  for  aid  in  reading  portions  of  the  proof. 

E.  L.  MARK. 

C  AH  BRIDGE,  Mass. 


AUTHOR'S    PEEFACE 

TO    THE    FIRST    EDITION. 

'*  Die  Entwickelongsgeschichte  ist  der  wahre  Lichttrager  f iir  Untersachongen 
ttber  oiganische  Korper." — C.  E.  v.  Baeb,  "Ueber  Entwickelungsgeschichte 
der  Thiere  "  (Bd.  I..  R.  231). 

The  Embryology  of  Animals,  although  one  of  the  youngest  shoots 
of  morphological  research,  has,  nevertheless,  grown  up  in  the  course 
of  sixty  years,  along  with  the  cell-doctrine  and  that  of  the  tissues,  to 
a  vigorous  and  stately  tree.  The  comprehension  of  the  structure  of 
organisms  has  been  extended  in  a  high  degree  by  numerous  develop- 
mental  investigations.  The  study  of  tJie  human  body  has  also  derived 
great  advantage  from  the  same.  In  the  newer  anatomical  text- 
books (Gboenbaur,  Sghwalbb)  Embryology  is  receiving  more  and 
more  attention  in  the  description  of  the  separate  systems  of  organs. 
To  what  extent  many  things  may  be  more  clearly  and  attractively 
described  in  this  manner  is  best  shown  by  a  comparison  of  the  des- 
criptions of  brain,  eye,  heart,  etc,  in  the  older  and  the  more  recent 
anatomical  text-books. 

Although  it  is  generally  recognised  that  Embryology  constitutes  *'  a 
foundation-stone  of  our  comprehension  of  organic  forms,"  neveilhe- 
less  the  attention  which  its  importance  warrants  is  not  yet  given  to 
it ;  it  is  especially  true  that  it  has  not  become  as  extensively  as  it 
should  be  a  component  of  well-rounded  medical  and  natural-history 
instruction,  to  which  it  is  indispensable.  The  cause  of  this  is 
perhaps  in  part  to  be  sought  in  the  fact  that  in  student-circles  the 
study  of  Embryology  is  often  held  to  be  especially  difficult  and  a 
comprehension  of  it  to  be  laborious.  And  thus  many  do  not  venture 
into  this  apparently  obscure  realm. 

But  ought  the  development  of  an  organism  to  be  really  more 
difficult  to  compi'ehend  than  the  complicated  finished  structure  ? 

To  a  certain  extent  this  was  the  case  at  a  time  when  the  most 
divergent  and  contradictoiy  opinions  prevailed  concerning  many  of 
the  most  imix)rtant  processes  of  development,  such  as  the  foimation 
of  the  germ-layers,  the  protovertebrse,  etc.,  which  the  lecturer  had  to 


take  into  account,  and  when  many  prorasses  wei*  not  yet  understood 
ill  their  essence  and  their  significimce.  But.  tfannks  to  the  r&^ults  of 
Compumtive  Embryology,  the  nnmher  of  the  uniut^lligibie  pi-ocesses 
bns  been  every  year  diminished,  and  in  the  same  ratio  the  study  of 
Kmbryology  even  for  the  beginner  han  been  rendei'ed  easier. 

At  least,  it  is  not  in  nny  way  nn  ewtentinl  feiitiii'e  of  the  procesei 
I  of  development  that  it  should  be  more  ditGcult  to  underEtand  thxn 
J  the  structure  of  the  completed  form.  For  every  development  begins 
r  vitih  &  very  simple  condition,  from  which  thi^  moi-e  complicated  in 
I  gradually  derived  and  by  which  it  if  (explained. 

much  as  1  have  for  twelve  years  pursued  the  stndy  of  Embry- 
[  ology  with  especial  intei-est,  both  in  annually  recurring  academic 
[  kiutnres  and  in  a  seiner  of  (scientific  inventi^tions,  the  denire  has 
I  been  awakened  in  me  to  acquire  for  Embryology  a  broader  and  more 
I  neciire  foundation  in  education,  and  to  procure  for  it  admission  into 
)  larger  circles  of  medical  men  and  well-educated  naturalists.  As  the 
[  Rsnit  of  this  there  has  come  into  existAHce  the  book  which  ia  before 
which  the  evpecial  problem  has  been  to  make  the  complicated 
I  Btrueture  of  the  human  body  moi-e  intelligible  through  tlie  knowledge 
[  of  its  development. 

For  the  solution  of  this  problem  I  have  in  the  present  t«xt'book 
I  placeil  l/u  eotnpOTtUive  inelhod  of  invatiijation  in  tlie  foreground.     I 
I  ck>  not  thereby  find  myself  in  any  way  in  opposition  to  another 
I  direction  of  embryotogical  reeeaivh,  which  places  the  objective  point 
I  in  the  pht/giological  or  mee/utnical  e^cplanation  of  the  fvna  of  Uie 
\  tmimal  body.     Such  a  direction  I  hold  to  be  fully  warranted,  and  I 
believe  that,  instead  of  being  opposed  to  a  comparative-morphological 
clirectioii,  it  can  \>e  of  the  most  permanent  value  to  it  in  the  solution 
of  its  problems.    One  will  find  that  I  Jiave  here  given  full  attention 
L  to  the  mechanico-physiological  explanation  of  forms.     Compare  the 
I  sections  on  cell-division  and  Chapter  IV.,  "  G«nei-al  Discusiion  of  the 
B  rrinciplee  of  Development,"  in  which  the  laws  of  unlike  growth  and 
T  the  processes  of  the  formation  of  folds  and  evaginationn  are  treateil. 
In  the  presentation  of  the  se^mrate  processes  of  development,  in 
the  important  things  only  have  been  selected,  the  sub- 
sidiary   left   out,    in    order  thus    to    make   the   introduction   into 
«mbryological  study  ea}>ier.     In  the  case  of  fundamental  theories 
I  have  gone  into  their  history  extensively,  because  it  is  of  great 

iintereat,  and  under  certain  circumstances  operates  as  a  stimulus, 
for  one  to  see  in  what  way  the  state  of  a  scientific  question  for  the 
tune  being  baa  been  attained.     In  pending  controversial  questions 
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X  author's  prbfaoe  to  the  fibst  edition. 

I  have,  it  is  true,  employed  chiefly  as  the  foundation  of  my  pre- 
sentation the  views  which  appear  to  me  the  most  entitled  to 
acceptance,  but  have  not  left  unmentioned  opposing  conceptions. 

Numerous  figures  in  the  text,  as  well  as  some  colored  plates,  will 
contribute  materially  to  the  easier  comprehension  of  the  various 
developmental  processes. 

I  submit,  then,  this  text-book  to  physicians  and  to  students  of 
medicine  and  the  natural  sciences,  with  the  desire  that  it  may 
promote  and  facilitate  the  study  of  Embryology  in  wider  circles,  and 
that  it  may  thereby  contribute  to  a  deeper  insight  into  the  structure 
of  our  own  bodies. 

OSCAR  HBRTWIG. 
Jena,  October  1886. 


AUTHOR'S    PREFACE 

TO  THE  SECOND  EDITION. 


I  Thk  friendly  i-eception  whicli  the  "  TeJct-book  of  the  Embiyology 
I  of  Mun  and  Mammah;''  has  found,  is  an  imiication  of  the  increnseil 
interest  which  this  branch  of  Morphology  now  meete  with. 

Even  more  than  a  year  ago,  after  the  lii-st  part  of  the  text-book 
appeared  anil  while  the  second  part  was  in  the  pre«E,  the  necessity  of 
preparing  A  second  edition  became  evident. 

In  this  edition  fundamental  changes  have  not  b^en  undertiiken  ; 
I  the  text  has,  however,  undergone  an  ex|Min.sion  In  some  places,  owing 
I  to  the  attention  given  to  several  woi'ks  which  have  recently  iippeared. 
I  This  has  been  the  oikse  with  the  ^<ectiou  on  the  first  developmental 
I  procotBea  of  the  egg  (WkismaSs,  Bloc  hsiass)  ;  that  on  the  origin  of 
L the  vascular  »yst«m  (Rabl,  RDckert);  that  un  the  development  of 
Ltbe  fwtal  membranes  (Duval,  Orborn)  ;  and  that  on  the  human 
I  placenta  (Kastscrenko,  Waldeter.  Ruob). 

As  the  second  pail  of  the  text-book  liaa  just  appeared,  it  has  been 
IpofisitJe  to  incorporate  it  in  the  second  edition  without  alteration. 

It  has,  furthermore,  seemed  to  me  ex])e(Uent  in  the  necoml  edition 
■  to  distribute  at  the  ends  of  the  several  chapters  the  eynopt^s  of  the 
'  Eterature,  which  in  the  first  edition  were  broiiglit  together  at  the  close 
of  the  whole  work.  Finally,  then?  has  been  added  an  index  of 
subjects,  by  which  a  more  rapid  orientation  concerning  the  separate 
topics  will  lie  facilitated;  this  will  increase  the  usefulness  of  the 
work. 

May  the  book  in  this  form  make  for  itself  new  friends,  not  only 

Among  students  of  medicine  and  the  natural  sciences,  but  also  with 

1  those  who  have  a  fondness  for  and  a  compreheusion  of  studies 
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AUTHOR'S     PREFACE 

TO  THE  THIRD  EDITION. 


In  the  two  years  which  have  elapsed  since  the  appearance  of  the 
second  edition  of  this  text-book,  our  knowledge  of  the  embryology  of 
Vertebrates  has  experienced  many  important  enrichments,  thanks  to 
the  numerous  investigations  which  are  annually  published.  There- 
fore, as  the  problem  of  preparing  a  third  edition  of  the  text-book 
confronted  me,  I  was  compeUed  to  make  extensive  changes  in 
many  places.  Thus  the  second  and  third  chapters,  concerning  the 
processes  of  fertilisation  and  cleavage  of  the  egg,  have  undergone 
expansion,  owing  to  the  presentation  of  the  important  discoveries 
which  have  been  made  on  the  the  egg  of  Ascaris  megalocephala.  I 
have  given  an  entirely  new  wording  to  the  ninth  chapter  on  the 
development  of  connective  substance  and  blood,  also  to  the 
sections  on  the  origin  of  the  urinary  organs  and  the  development  of 
the  peripheral  nervous  system,  and,  finally,  to  the  account  of  the 
developmc^nt  of  the  heart  and  the  venous  system.  Also  at  other 
places  one  .will  often  recognise  the  hand  of  improvement. 

The  third  edition  has  been  essentially  improved  by  the  addition  of 
thirty  new  figures,  which  I  have  taken  from  the  investigations  of 
VAN  Benbdbn,  Bovbri,  Duval,  Fleuming,  Hermann,  His,  Born, 
Gkosnbaur,  Nagbl,  van  Wijhe,  Graf  Spee,  Bonnet,  and  Reibel. 
Through  the  friendliness  of  Professor  van  Beneden  I  was  also  put 
in  a  position  to  employ  for  my  text-book  three  figures  out  of  his 
hitherto  unpublished  extensive  work  on  the  development  of  the 
germinal  layers  of  the  Rabbit.  By  means  of  the  increase  in  the 
number  of  figures  I  hope  that  I  have  been  able  to  render  still  easier 
the  comprehension  of  many  of  the  processes  of  development. 

And  80  I  close  the  preface  to  the  third  edition  by  expressing 
my  thanks  to  all  those  who  have  rendered  me  friendly  aid,  and 
especially  to  the  publisher,  who  in  the  further  equipment  of  the 
teict-book  has  met  my  wishes  with  the  greatest  willingness. 

OSCAR  HERl^VIO. 
Berlin,  March  1890. 
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:  iaslary  of  the   development  of  tbu  tndiiddual,  or  Ontogeny 

EmbryDlogy)i  is  the  science  of  the  growth  of  an  orgamsin  ;  it  de- 

Bcribee  tjie  tnorphologicitl  changes  which  nn  nrganism  piutses  through 

from  its  origin  in  the  ovum  up  to  ite  complete  maturity,  and  presents 

these  in  their  natural  connection.    We  can  regard  the  fei'tilisntion 

of  the  egg-cell  as  the  beginning  of  the  process  of  developme^nt  for 

Vertebrates,  au  it  abo  ih  for  all  the  rest  of  the  higher  animals. 

In  giving  an  Recount  of  the  clinnges  of  the  egg-cell,  which  begin 

Biritb  fertilisation,  one  may  choose  between  two  difi'erent  methods. 

Accoriliug  to  one  method  ji  particular  organism  is  made  the  basis 

S  the  account,  and  one  describes  the  changi'B  which  its  germ  under- 

s  from  the  moment  of  fertilisiition  onward,  from  hour  to  hour, 

Uid  from  day  to  day.     It  is  in  this  way  that  the  embryology  of  the 

ttiick  has  been  worked  out  by  C.  E.  von  Baeb  in  hia  classical  paper, 

atd  by  Fobteb  and  Balfocr  in  theii-  "  Elements  of  Embryology." 

i  method  has  the  advantage  that  the  reader  acquires  a  view  of 

■  total  condition  of  on  orgauii^m  in  the  separate  Ktagefl  of  its 

levelojiment. 

A  book  of  that  kind  is  e«pecially  suitable  for  such  person.s  as 

i  to  acquaint  themselves,  by  their  own  observation,  with  the 

mbryology  of  a   single   animal,  as,    for  example,   the    Chick,   by 

repeating  the  investigations  of  others.     It  is,  on  the  contrary,  less 

lapted  to    those   who    wish  to  acquire  a  connected  view  of  the 

ievelopment  of  the  wpanite  organs,  as  the  eye,  the  heart,  the  brain, 

For  the  formation  of  these  will  of  course  be  treated  of  at  different 

n  describing  younger  and  older  embryoe.     In  order  to  prociu^ 

»  general  survey  of  Ibe  course  of  development  ot  an  organ,  the 

Irender  must  consult  various  places  in  the  text-book,  and  collect  for 

ftfaimself  what  relates,  to  the  subject. 

For   beginners,  and  for  the   needs  of  theoretical   instruction  in 
mbryology,  the  aeamd  method  commends  itself,  in  which  the  separate 
B  Dont^idered  in  succession,  each  for  itself,  and  the  changes 
ti  A  single  organ  haa  to  jiaea  through  during  development  are 
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set  forth  connectedly  from  beginning  to  end.  It  is  in  this  way  that 
KOllikbb's  "  Embryology  of  Man  and  the  Higher  Animals"  is  written. 
The  second  method  is,  moreover,  the  only  one  applicable  when  the 
problem  is  to  investigate  in  a  comparative  way  the  development  of 
several  organisms,  and  to  fill  up  the  gaps  which  exist  in  oar  know- 
ledge of  one  by  that  which  we  know  concerning  nearly  r(»lat«d 
animals.  But  it  is  precisely  in  this  position  that  we  find  ourselves, 
when  we  wish  to  acquire  a  survey  of  the  development  of  the  human 
body.  An  account  which  should  limit  itself  to  that  which  we  know 
about  Man  would  exhibit  numerous  and  eictensive  gaps.  For  up  to 
the  present  the  eye  of  man  has  not  seen  how  the  human  ovum  is 
fertilised,  how  it  divides,  how  the  germ-layers  are  formed,  or  how 
the  establishment  of  the  most  important  organs  is  ejSected.  It  is 
especially  the  period  of  the  first  three  weeks,  during  which  the 
greatest  variety  of  fundamental  processes  of  development  take  place, 
concerning  which  we  know  next  to  nothing;  there  is  also  little 
prospect  that  a  change  will  soon  occur  in  this  regard.  The  time 
will  therefore  perhaps  never  come  when  a  complete  embryology  of 
Man  in  the  strict  sense  of  the  word  will  be  possible. 

However,  the  existing  gaps  can  be  filled  out  in  another  manner, 
and  one  which  is  entirely  satisfactory.  The  study  of  the  most  widely 
differing  Vertebrates  teaches  us  that  they  are  developed  according 
to  a  common  plan,  that  the  first  processes  of  development  agree 
in  all  really  important  points,  and  that  the  differences  which  we 
encounter  here  and  there  are  produced  by  causes  of  a  subordi- 
nate  kind,  as,  e.^.,  by  the  egg's  possessing  a  greater  or  less  amount 
of  yolk. 

When  we  see  that  the  establishment  of  the  central  nervous  system, 
of  the  eye,  of  the  spinal  column,  of  the  viscera,  etc.,  takes  place  in 
Mammals  on  the  whole  just  as  it  does  in  Amphibia,  Birds,  and 
Eeptiles,  the  conclusion  is  near  at  hand,  and  justified,  that  Man 
also  in  lus  development  is  no  exception  to  this  general  phenomenon. 
Thus  in  the  study  of  Embryology  we  are  naturally  led  to  the  com- 
parative method.  What,  owing  to  the  nature  of  the  difficulties,  we 
cannot  learn  directly  about  the  development  of  Man,  we  seek  to 
deduce  by  the  investigation  of  other  Vertebrates. 

In  earlier  decennia  the  Hen's  egg  was  the  favorite  object,  and  it 
is  upon  this  that  we  possess  the  most  numerous  and  most  complete 
series  of  observations.  During  the  last  twenty  years  research  has 
also  been  directed  to  Mammals, — in  the  investigation  of  which  the 
greatest  difficulties  have  to  be  8urmounted,^-a8  well  as  to  Reptiles, 
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Ampliibiu,  Fishes,  etc.  Only  tlifough  the  observation  offluch  various 
oiijectfl  hn*  inmght  been  acquired  into  many  processes,  which  in  their 
eaeenco  remained  unintelligible  to  us  from  the  Btudy  of  the  Chick 
alone.  For  it  was  thus  that  one  first  learned  to  distinguish  the 
inii>or(anl  from  the  accessory  and  unimportant,  and  to  understand 
tlie  laws  of  derelopment  in  their  gDnerality. 

In  thi«  text-book,  thereforev,  I  shall  not  confine  mynelf  to  a  single 
object,  such  as  the  egg  of  the  Hen  or  the  Rabbit,  but  from  more 
general  comparative  HtandpoinUt  shall  endeavour  to  present  what, 
through  extensive  series  of  investigations,  we  ha\-e  thus  far  recognised 
as  the  rule  in  regard  to  the  real  nature  of  the  procoasee  of  fertilisa- 
tion and  cleavage,  the  formation  of  the  germ  layers,  etc. 

Howe\'or,  let  no  one  expect  a  text-book  of  comparative  Embryo- 
logy.     The  purpose  and  the  problem  in  first  of  all  to  leiirn  to  com- 
pr«hend   the  development  and  the  structure  of  the  hiimnn   liody. 
r  "What  we  know  about  that  has  been  placed  before  everylliing  else, 
il  the  embryology  of  the  remaining  Vertebrates  has  been  cited,  and, 
(  it  were,  fiiUy  utilised,  only  in  so  far  as  was  nec«»<ary  for  the 
ntrpose  indicated. 

In  the  division  of  the  embryological  material  proposed  by  us,  ac- 

lording  ta  th»  separate  systems  of  organs,  there  is  a  long  series  of 

1,  with  which  the  development  begins,  which  do  not  permit 

f  an  arrangement,  because  at  the  beginning  the  fundaments  of 

nite,  afterwards  diflbrenliated  orgsins,  are  not  recognisable  in  the 

Before  there  is  any  formation  of  organs,  the  egg  is  dirided 

bto  numerous  cells,  and  these  then  arrange  themselves  into  a  few 

U-ger   complexes,  which   have  been  called  the  germ-layers,  or  the 

nltiTe  organs  of  the  embryo.     Further,   in  the  higher   Verte- 

rates  tliere  are  formed  certain  organs,  which  are  useful  only  during 

pibryonic  life,  and  are  subsequently  lost — namely,  the  ftetal  mem- 

and  fostftl  appendages.     All  of  the  processes  of  tliat  nature 

we  shall  treat  of  connectedly,  and  by  themselves.     In  accordance 

with  this,  we  can  divide  our  t/ieme  into  two  main  aeetions,  the  first 

of  which  will  deal  with  the  initial  processes  of  development  and  the 

mhryonic  membranes,  the  second  with  the  origin  of  the  separate 

t«ms  of  organs.     In  order  to  facilitate  for  the  advanced  a  more 

borough  study,  and  a  penetration  into  embryological  literature,  a 

Pimrvey  of  the  more  important  original  works  is  given  at  the  close  of 

'  the  separate  chapters.     On  the  other  hand,  text-books  of  Bmbryo- 

1  logy  may  bo  mentioned  in  this  place.     [Compare  also  the  larger 

k.iDouogrtiphiu  works  citeJ  at.  the  end  of  the  book.] 
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CHAPTER  I. 
DSSCBJPTION  OF  THE  aSXUAL  PRODUCTS. 

EOQ-CEU.     AND     SeHEN-CBLL. 

|Im  moGt  •aniniB.le,  and  without  exception  in  all  Vertebrates,  the 
I  development  of  n  uew  being  can  take  plftce  only  when  reproductive 
•  element,  produced  by  two  eexiially  different  individuals, — the  egg 
I  by  the  female,  and  the  seminul  corpuscle  or  eeminal  filament  by  the 
I  male, — are  at  the  proper  time  brought  into  union  &»  the  result  of 
I  the  procreative  act. 

The  egg  attd  the  seminal  ^lament  are  timpU  elementary  partt  or  eeSt, 
I  which  tire  produced  in  special  glandular  organs,  the  egg-cella  in  the 
I  ovary  of  the  female,  and  the  semen-cells  in  the  teetis  of  the  male. 
I  After  the  beginuiug  of  sexual  maturity  at  definite  periods,  they 
I  detach  themselves  within  the  sexual  organs  from  their  union  with 
I  the  remaining  cells  of  the  body,  and  form,  under  suitable  conditions 
I  of  development,  among  which  the  union  of  the  two  sexual  cells  is 
I  the  most  important,  the  starting-point  for  a  uew  organism. 

First  of  all,  therefore,  ne  have  to  acquaint  ourselves  with  the 
I  peculiarities  of  the  two  kiuds  of  sexual  products. 


1.  The  £g%-celL 
llie  egg  is  by  far  the  largi  st  cell  of  the  a 


ml  body.     At  a  time 
ieparuto  components 


BirhrD  nothing  was  known  of  its  celt-nature,  its  si 
Iworo  given  special  names,  which  remain  in  use  even  at  the  present 
I  limr.  The  contents  were  called  egg-yolk,  or  vtteBut ;  the  cell<nucleus 
it  called  vetieiiia  'jermiiuUiva,  or  germiuative  vesicle,  discovered  by 
r  the  phyBiolugixt  Pl'bkikjb  ;  the  niurlear  corpuscles,  or  nucleoli,  were 
I  colled  germinutive  spots,  or  vutcidai  germinaiiva  (WaonER)  ;  and, 
I  finally,  the  cell-membrane  was  called  the  yolk -membrane,  or  mem- 
na  wiMiwt.     All  these  parts  vary  in  nut  uuimpurtunt  wny^  from 
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the  ordinary  oondltion  of  the  protoplasm  and  nncleus  of  most  animal 

The  Titelloi  (figs.  1  and  3  n.d)  rarely  appears  homogeneous,  mocdla- 
gmons,  and  translucent,  like  the  protoplasm  of  most  cells;  it  is 
ordinarily  opaque  and  coarsely  granular.  This  results  from  the 
fact  that  the  egg-cell,  during  its  development  in  the  ovary,  stores 
Dp  in  itself  nutritive  materials,  or  rvmroe  gtuffi.  These  oonsist  of 
fat,  of  albuminous  substances,  and  of  mixtures  of  the  two,  and 
are  described,  according  to  their  form,  as  larger  and  smaUer  yolk- 
spherul€ii,  yollc-plates,  etc.  Later,  when  the  process  of  development 
is  in  progress,  they  are  gradually  used  up  in  the  growth  and  for 
of  the  embryonic  cells.  The  fundamental  substauce 
of  the  egg,  in  which  the  reserve  stufia 
just  now  referred  to  are  imbedded,  is 
proloplaam,  physiologically  the  most  in- 
teresting and  important  of  subetances, 
because  in  it  take  place,  as  we  infer 
from  many  phenomena,  the  essential 
life-processes. 

We  must  therefore  distinguish  in 
the  yolk,  in  accordance  with  the  sug- 
gestion of  VAK  Bbxedkn,  (1)  the  egg- 
proloplatm,  and  (2)  the  jfoUe-aubttance, 
or  dnUoploMa,  which  is  of  a  chemi- 
cally different  nature,  and  is  stored 
up  in  the  former. 
When  the  deposition  of  reserve  materiab  takes  place  to  a  great 
degree,  the  really  essential  substance,  tbe  egg-protoplasm,  may 
become  almost  entirely  obscured  by  it  (figs.  3,  i).  The  protoplasm 
then  fills  up  the  small  interstices  between  the  closely  packed  yolk- 
globules,  yolk-cakes,  or  lamellx,  as  morUr  does  those  between  the 
stones  in  masonry,  and  appears  in  sections  only  as  a  delicate  net- 
work, in  the  smaller  and  larger  meHbes  of  which  tie  the  yolk-elements. 
Only  at  the  surface  of  the  egg  is  the  egg-plasm  constantly  pi-esent 
as  a  thicker  or  thiimer  continuotis  cortical  layer. 

The  gwmiliatLVe  vetiole  usually  occupies  the  middle  of  the  e^. 
It  is  the  largest  nuclear  Mtructure  in  the  animal  body,  and  ita 
diameter  generally  increases  with  the  size  of  the  egg. 

The  germinativo  vesicle  (figs,  1,  2)  is  separated  from  the  yolk  by 
a  firm  membrane,  wliich  may  often  be  distinctly  demonstrated,  and 
which  surrounds  various  included  components  :  nudear  liquid  (Kem- 
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8aft),  niielear  network,  nnd  ntuleoli.  The  nuolear  liquid  in  more 
fluid  than  the  yolk,  in  the  freah  couditiou  iiaually  an  cleiir  u»  water, 
and  when  coagulated  by  the  addition  of  reagents,  abgarba  only 
u  little  or  no  coloring  matter.  It  is  travei'sed  by  a  Tteluiorli: 
of  delieale  filaments  (kti),  which  attach  themuelvett  to  thi^  aucleiir 
membrane.  In  tlm  network  are  euclused  niideoli,  or  genolnative 
■potfl  {kf),  small,  foi  thti  most  part  spherical,  homogeneous,  lui^trouH 
structures,  which  consist  of  a  substance  akiu'to  protoplasm — nuclear 
•abstance  or  nudein.  NueUvn  ia  distinguishable  from  protoplasm — 
in  addition  to  certain  other  uhemical  reactions — espe<ualJy  by  the 
fact  that  it  nbKorhH  with  great 
•vidity  pigments  such  as  cai-- 
minp,  hfematoxylin,  aniline, 
etc.,  on  account  of  which  it  hae 
also  received  from  Flehhino 
the  Dame  etiritaatin. 

The  number  of  t/u  nucleoli 
in  the  geiininative  vesicles  of 
diflerent  animals  is  highly 
variablt^,  but  it  is  tolt'vably 
eonstant  for  each  sj>erie.t ; 
Som£>timeH  there  'is,  only  a, 
taigle  nucleolus  present  i,  rtui  ™ 
(fig.  1),  sometimes  there  are  numoroiu  a 
^^      ,  c      (V),  i"  *  ■ 

jteveral  or  oven  very  many    of      cIok  numbi 

tiiem  (fig.  24/"),    Accordingly 

one  may  with  Auebbach    distinguish  un: 

and  multinucteolar  gemiiniLtive  vesicles. 

At  their  surfaces  eggs  aiv  surrounded  by  protective  envelopea,  the 
Hiimber  and  condition  of  which  are  exceedingly  vnriable  throughout 
ilhe  animal  kingdom  as  well  as  lunong  Yertebmtes,  It  is  be^t  Ui 
'dixide  them,  lu  Ludwiu  hns  done,  according  to  their  mi'thod  of 
into  two  groups,  into  thy  pnviarif  and  the  aeeondary  agg- 
AM,  Primary  egg-membranes  are  such  us  have  bt-'i'n  pro- 
either  by  the  tgg  itself  or  by  the  fulliculav  cells  within  thi'  ovary 
the  egg-follicle.  Those  produced  by  the  yolk  of  thii  egg  lire 
called  vilellinc  intmltrtme;  those  formed  by  the  follicular  I'pithelium, 
All  which  take  their  origin  outside  of  the  ovary,  an  a 
reunlt  of  secretions  on  th<'  pai-t  of  the  wall  of  the  oviduct,  are  to  be 
dndgnaled  ns  secondary  egg-membraneis. 

In  their  details  the  t^ggs  of  thu  vai-ions  tipuciee  of  animals  differ 
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frrim  each  other  in  a  high  degree,  so  that  they  muHt  really  he  oon- 
fddered  as  the  mo6t  characteristic  for  the  species  of  all  the  kinds 
of  animal  cells.  Their  size,  which  is  due  to  a  greater  or  less  ac- 
cumulation of  deutoplasm,  varies  so  extensively  that  in  some  species 
the  ^g-cells  can  be  only  barely  recognised  as  minute  dots,  whereas 
in  others  they  attain  the  considerable  dimensions  of  a  Hen's  egg,  or 
even  of  an  Ostrich's  egg.  The  form  is  usually  globular,  more  rarely 
oval  or  cylindrical.  Other  variations  arise  from  the  method  in 
which  protoplasm  and  deutoplasm  are  constituted  and  distributed 
within  the  limits  of  the  egg ;  there  are  in  addition  the  differences  of 
the  finer  Ktructure  of  the  germinative  vesicle  and  the  great  variability 
of  the  egg-membranes. 

Bome  of  these  conditions  are  of  great  significance  from  their  in- 
fluence on  the  manner  of  subsequent  development.  They  have  been 
employed  as  a  basis  for  a  dassificatioii  of  the  various  kinds  of  eggs. 

It  is  most  expedient  to  divide  egga  into  two  chief  groups, — into 
$impU  and  into  compound  eggs, — ^the  first  of  which  is  divisible  into 
several  sub-groups. 

A.  Simple  Eggs, 

Simple  eggs  are  such  as  are  develo(>ed  in  an  ovary  out  of  a  single 
germinal  cell.  The  eggs  of  all  the  Vertebrates  and  most  of  the 
Invertebrates  belong  to  this  group. 

In  this  chief  group  there  occur,  according  to  the  matvier  in  whicf^ 
protoplasm  and  deutoplasm  are  distributed  within  the  egg,  three 
modifications,  which  are  of  very  great  importance  in  tfie  determination 
of  ifisfi/rst  processes  of  development. 

In  the  simph'st  case  the  deiUoplasm,  which  ordinarily  is  present 
only  to  a  limited  amount  in  the  correspondingly  small  egg,  is  more 
or  less  %miformly  distributed  in  the  protoplasm  (fig.  1).  In  other 
cases  there  bus  arisen  out  of  this  original  condition,  in  conjunction 
with  an  increase  in  the  bulk  of  the  yolk-material,  an  inequality  in 
the  distribution  of  the  two  egg-subetances  previously  distinguished. 
The  egg'plas7na  has  acciunulated  in  greater  abundaiice  at  certain 
regions  of  the  egg -territory,  and  Uie  deutoplasma  at  otlter  regions. 
Consequently,  a  contrast  lias  arisen  betwotjn  jwrtioiis  of  the  egg-cell 
which  are  richer,  and  those  wliicli  are  poon^r,  in  protoplasm.  A 
further  accentuation  of  this  contrast  exercises  an  extraordinarily 
bix)a(l  and  profound  influence  on  the  first  processes  of  development, 
which  take  place  in  tlie  egg  after  fertilisation.  That  is  to  say, 
the  changes,  which  further  on  ai*e  embraced  under  the  process  of 
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cleavage,  muko  tbeir  uppearauce  only  at  the  re^on  of  the  egg 
which  is  richer  in  protoplasm,  wherfiu<  the  re^on  whii-h  iu  more 
vnlaomioiis  uiid  richer  in  deutop)a!;iii  remitins  iipparently  quite 
analterud,  an<l  is  not  divided  np  into  cells.  By  this  meauB  the 
Miitrafit,  which  was  already  preecut  in  iht^  unKcgmeuted  egg, 
l>e<»ines  during  development  dieproportionately  greater  and  more 
obviouB,  The  one  part  iindergoeK  changes,  is  divided  into  cells,  and 
oat  of  these  produces  the  individual  orgiins ;  the  other  part  remainii 
more  or  less  unaltered,  and  is  gradually  employed  nis  nutritive 
material.  Following  the  example  oE  Reicbeht,  the  part  of  the 
yolk  which  is  richer  in  protoplasm,  and  to  which  the  developmen- 
tal processes  remain   confined, 

has  been  designated  formative 

yolk,  and   the   other    nutritive 

yolk. 

The  unequal   distribution  of 

ftrmuttive  yoUc  {viuUu»   forian- 

(t'pw)     and    of     nutritive    yolk- 

(otteSuA  witritimis)  within  the 
I  <Kg  i*  accomplished  in  two  dif- 
I   ferent  ways. 

In   the  oiw  ease  {fig.  3)  the 

[omiative  yolk  is  accumulated 

at  one  pole  of  the  egg  as  wjiat 

gertn-diK  {k.sch).     Inasmuch  as 

ite  spi>d£t:  gravity  is  Ichb  than 

that  of  the  nutritive  yolk  {n.d) 

rollncted  at  the  opposite  pole,  it 

is  always  dinicted  upward,  and 

it  8pi«aiis  itself  out  ou  the  yolk  just  like  a  drop  of  oil  on  water.     In 

this  ease,  therefore,  the  egg  has  undergone  a  jiolar  differeitliiUian ; 

when  at  rest  it  must  always  assume  a  definite  position,  owing  lo  the 

uuLoqual  weight  of  the  two  poles.     The  dienmilar  pole«  are  dietin- 

gui^hed :    tiie  upper,  lighter  pale,  icith   the  ijerm-diac,  ua  the  aninuti 

{A  J') ;  (Ae  under,  heai^^  ami  ricJier  in  yolk,  as  the  tiyetativt  pole 

(P.I').      Tilt!  ])oiur  differentiation  of  eggs  is  often  encountered  in 

Vertebrates,  and   is   eepecwUy  proiuiuent  in   the   classes  of   Bony 
PiitheH,  Keptilw,  luid  Birds. 

In  the  tecotid  case  (fig.  4)  the  fonitativc  i/olk  {b.d)  ii  accumidaied 
over  tht  whoU  tur/ace  of  l/ic  egg,  and  sui-roimda  the  cenU-ally  placed 
nutritive  volk  {n.d)  as  a  luiifoimly  thick,  finely  p-anular  cortical 
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layer.    The  egg  exliiUte  central  differentiation,  and  therefore  does 
not  assume  a  constant  potation  when  at  rest.     As  in  the  former  case 
the  yolk  was  polar  in  position,  so  here  it  is  central.   Such  a  condition 
is    never    encountered  in  Verte- 
brates, but  it  is  characteristic  of 
Arthropods. 

In  order  to  distinguish  the  three 
modifications,  Balfour  has  made 
use  of  the  expressions  alecitbal, 
teloleoithal,  and centroleci thai.  He 
calls  those  e^gs  alecithal  in  which 
.the  deutoplasm,  in  small  amount, 
is  uniformly  distributed  through 
the  protoplasm  ;  telolecithal,  those 
in  which  it  is  accumulated  at  the 
vegetative  pole ;  centrolecithal, 
those  in  which  the  accumulation  of 
deutoplasm  has  taken  place  at  the 
centre.  In  what  follows,  we  shall  speak  of  (1)  egg»  wUh  uni/ormty 
diatrHMttd  jfott,  (2)  agga  with  polar  deutoplaam,  and  (3)  eggt  wUh 
etniral  deutoplatm. 

It  is  now  expedient  to  illustrate  what  has  just  been  said  by  typical 
examples,  and  for  this  purpose  the  eggs  of  Mammals,  Amphibia, 
Birds,  and  Arthropods  have  been  selected.  We  shall  also  frequently 
recur  to  these  in  the  presentation  of  the  subsequent  phases  of  develop- 

The  ^g  of  Ifammtli  md  of  Man  is  exceedingly  small,  since  it  mea- 
sures on  the  average  only  02  mm.  in  diameter.  It  is  for  this  reason 
tliat  it  was  not  discovered  until  the  present  century — in  1827,  by  Cabl 
EuisT  vos  Bakk.  Previously  the  much  larger  Graafiam  follicle 
of  the  ovary,  in  which  the  smaller  true  egg  is  enclosed,  bad  been 
erroneously  taken  for  the  latter.  The  Mammalian  o^  (fig.  S)  con- 
sists principally  of  a  finely  granular  protoplasmic  substance,  which 
contains  dark,  fat-like  spherules  and  granules  (deutoplasm),  and 
which  is  turbid  and  opaque  in  proportion  to  the  amount  of  these. 
The  germinative  vesicle  (k.b)  contains  a  largo  germinative  dot  (k.f), 
located,  together  with  a  few  smaller  accessory  dots,  in  a  nuclear 
network  (i.n).  The  egg-membrane  is  called  soim  palluada  {z.p), 
because  it  surrounds  the  yolk  as  a  relatively  thick  and  clear  layer.  It 
is  a  primary  membrane,  for  it  is  formed  within  the  Obaafian  follicle, 
by  the  follicular  cells.     Under  high  magnification  the  zona  pelludda 
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I  (s-p)  appears  radiiiUy  striate,  tduce  it  is  traversed  by  niimeruiis  pore- 
\  catiaU,  into  which,  as  long  as  the  egg  remains  in  the  Gbaapux  follicle, 
L  very  fiue  projectiona  of  the  follicular  cells  (/.c)  penetrate.  These 
I  fnae  irith  the  egg'pla«n),  and  are  probably  concerned  in  the  nutrition 
I  anil  growth  of  the  cont«ntfi  of  the  egg.     (Retzius.) 

The  human  ovum  is  wondfrfully  likt*  the  i-^g  of  MnuintRls  in  size, 

[  in  tbe  condition  of  its  contt-nt^,  ond  the  uaturt  of  its  u)emhranE«. 

I  However,  it  always  can  be  diatinguiahrd  by  means  of  specinl,  though 

triAing,  ch3ract«rifitice,  as  the  careful  inretiligationH  of  Xagel  have 

shown.     Whereas  in  the  Rabbit  lustrous,  fnt'like  spherules  render 

the  yolk  cloudy,  the  human  ovum  retains  ita  tranxparency  during 

all   stages   of  developuieut,  so   that  one   may   recognise  most  ae- 

b  cumtely  all  its  structural  details,  even  on  the  living  obji.'ct.     The 

I  yolk  is  divided  into  two  layers.     The  inner  ^j/er  contains  principally 

deutoplssm,  which  produces  in  this  case,  contrary  to  most  of  tlie 

ManUDBls,  only  a  slight  cloudiness ;   it  consists  in   part  of  feebly 

Instruns,  in  part  of  highly  refractive  fragments,  some  coarser,  some 

mt  it  is  not  poGsible  to  recognise  the  mntnal  boundarii 
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the  individual  componentR,  as  is  the  case  in  other  Mammals  and 
lower  animals,  where  one  distinguishes  with  great  ease  granules 
and  distinct  drops.  The  aiUer  layer  or  peripheral  zone  of  the  yolk  is 
more  finely  granular  and  still  more  transparent  than  the  central 
part,  and  contains  the  germinative  vesicle  with  a  large  germinative 
dot,  in  which  Nagel  was  able  to  observe  amoeboid  motions.  The 
zona  pellucida  is  remarkably  broad;  it  is  striate,  and  is  separated 
from  the  yolk  by  a  naiTow  (perivitelline)  space.  There  are  two  or 
thrt»e  layers  of  follicular  cells  attached  to  the  periphery  of  the  egg 
when  it  is  set  free  from  the  Graafian  follicle.  Tlie  long  diameters 
of  these  cells  are  arranged  in  a  radial  direction  around  the  egg,  as 
is  general  in  Mammals,  and  it  is  due  to  this  circumstance  that  they 
have  received  the  name  corona  radiata,  introduced  by  Bischoff. 
The  human  i'gg  without  the  follicular  epithelium  measures,  on  the 
average,  0*17  mm.  in  diameter. 

The  eggs  of  many  Worms,  Molluscs,  Echinoderms,  and  Coelenterates 
agree  with  the  Mammalian  egg  in  their  size,  and  in  the  method  in 
which  protoplasm  and  deutoplasm  are  uniformly  distributed  through 
the  egg. 

The  egg8  of  Amphibia,  which  were  cited  as  the  second  example, 
form  a  transition  from  simple  eggs,  vrith  imiform  distribution  of 
yolk-material,  to  eggs  with  distinctly  expressed  and  externally 
recognisable  polar  differentiation.  Already  these  have  deposited  in 
themselves  a  large  amount  of  deutoplasm,  and  have  thereby  acquired 
a  very  considerable  size.  The  Frog'is  egg,  for  example,  is  stuffed 
full  of  closely  compacted,  fatty-looking  yolk-lumps  (Dotterschollen) 
and  yolk-plates.  The  egg  protoplasm  is  in  part  distributed  as  a 
network  between  the  little  yolk-plates;  in  part  it  forms  a  thin 
cortical  layer  at  the  surface  of  the  egg.  Upon  closer  examination, 
however,  the  beginning  of  a  polar  differentiation  is  most  distinctly 
recognisable  even  here.  It  manifests  itself  in  this  way :  at  one 
pole,  which  at  the  same  time  appears  black  on  account  of  a  deposit 
of  superficial  pigment,  the  yolk-plates  are  smaller  and  enveloped  in 
more  abundant  egg-plasm ;  and  also,  nrobably  as  a  consequence  of 
this,  slight  differences  in  specific  gravity  are  distinguishable  between 
the  pigmented  and  the  unpigmented,  or  the  animal  and  the  vegetative, 
halves  of  the  egg. 

The  germinative  vesicle  (fig.  2)  lies  in  the  middle  of  the  immature 
egg,  is  exceedingly  large,  even  visible  to  the  naked  eye,  and  multi- 
nucleolar,  inasmuch  as  there  are  a  hundred  or  more  large  germinative 
dots   (kf)  distributed  immediately  under  the  nuclear  membrane. 
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r  The  enTelopea  oxliiliit,  in  i»mparison  witli  the  Mammalian  egg,  an 
incraasB  in  number,  for  to  the  jxina  pellucida  {zona  radiata),  which 
ts  produced  in  the  follicle,  there  ih  subsequently  added  still  another, 
a  aecnndary  envelope.  This  is  a.  thick,  viscid,  gelaliuouB  layer, 
which  is  secreted  by  the  wall  of  the  oviduct,  and  which  becomes 
swollen  in  water. 

The  polar  (hiTerentinlion,  taken,  as  it  were,  in  the  very  procesn 
I  of  developing  iu  the  case  of  the  Amphihia,  is  found  sharply  expressed 
I  ia  our  third  exiiniple.  the  Bird '«  egg. 

In  order  to  form  a  eorrect  picture  of  the  condition  of  the  egg-cell 
[in  the  CBjie  of  the  Hen,  or  of  any 
Other  bird,  we  must  seek  it  while 
■tiU  in  the  ovary,  at  the   moment 
when    it    hn^  finished    its    growth, 
and  is  ready  to  be  set  free  from  tlie 
It  is  then  ascertained  that 
only    the    spheroiiial    yolk,   the  si 
lUed  yellow  of  the  egg,  which  i 
self   is    an    enormously    large  cell 
(fig.  6a).  is  developed  in  the  botryoidnl 

idvary.  It  is  enclosed  in  a  thin  but  tin  iUri  :  1.6,  gtnniiuitivii  mki? : 
tolerably  firm  pellicle  (dji),  the  jft'tTwiiio/uJBmh™',,^""""  '"'* 
vitelline  mejubrane,  the  rupture  of 

which  is  followed  by  an  extrusion  of  the  soft  pulpy  contents.  By 
isrefiil  examination  one  will  discover  upon  the  latter  a  small  white 
gpot,  the  germiniitive  disc*(*r.«cA)i  or  rfinciw  iiroligerris,  also  called  scar 
or  acatricultt..  It  hsis  a  diameter  of  about  3  or  4  mm.,  and  consiste 
of  formative  yolk, — a  finely  granular  protoplasm  with  small  yollt- 
■pherulas, — which  alone  is  involved  in  the  process  of  cleavage.  In 
ihe  flattened  germiuative  disc  is  also  found  the  germinative  vesicle, 
=ig.  6a  (k.ft)  and  fig.  6b  (x),  wliich  is  likewise  somewhat  flattened  and 
inticular. 

The  remaiuing  chief  mass  of  the  egg-cell  is  nutritive  yolk,  which 

oomposed  of  numberless  yolk-spherules  united  by  slight  traces  of 

Ig-plasm,  US  though  by  a  cement.     Information  concerning  its  finer 

fi»tmcture  is  to  be  gained  from  thin  sections  through  the  hardened 

which  should  be  cut  perpendicidarjy  to  the  germinative  disc. 

jAooordiiig  to  differences  in  staining  and  in  elementary  composition, 

|-|bere  are  now  to  he  distinguished  (Ae  icAtfe  arul  t/ie  ydlow  nutritive 

Ifolk  (fig.  6a). 

TSe  ti'hile  yolk  (it-.d)  is  present  in  the  eggcell  only  in  a  small 
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quantity ;  it  forms  a  thin  layer  over  the  whole  surface,  the  white 
yolk-rind ;  secondly,  it  is  accumulated  in  somewhat  greater  quantity 
under  the  germinative  vesicle,  for  which  it  at  the  same  time  forms  a 
bed  or  cushion  (Pander's  nucleus)  ;  and,  thirdly,  from  this  region  it 


7if .  8b.— Section  of  tho  germ-diM  of  a  nuttnio  orariaB  He&'s  oq  stiU  oneloood  in  tho  eapmlo, 
after  BALForR. 

a,  Connecti?e-tiaBae  capsule  of  the  egg  ;  6,  epitbelinm  of  the  oapeole,  on  the  inside  of  which  lies 
the  Titelline  membrane  reposing  upon  the  egg ;  c,  granular  substance  of  the  genninatiTe 
disc  ;  tc.jf,  white  yolk,  which  passes  imperceptibly  into  the  finely  granular  substance  of  the 
disc ;  z,  germinative  vesicle  enclosed  in  a  distinct  membrane,  but  shrivelled  up ;  y,  spaoe 
originally  occupied  by  the  germinative  vesicle,  but  made  empty  by  its  shrivelling  up. 

penetrates  in  the  form  of  a  mortar-pestle  into  the  very  centre  of  the 
yeUow  yolk,  where  it  terminates  in  a  knob-like  swelling  (latebra, 
Furkinje).  Upon  boiling  the  egg^  it  is  less  coagulated,  and  remains 
softer  than  the  yellow  yolk.  In  the  coagulated  condition  the  latter 
discloses  upon  sections  a  lamellated  condition,  in  that  it  consists  of 
smaller  and  larger  spherical  shells,  which  envelope  the  latebra. 

The  two  kinds  of  yolk  also  differ  from  each  other  in  respect  to 
the  condition  of  their  elementary  particles.  The  yellow  yolk 
consists  of  soft  plastic  spherules  (fig.  7  a)  from  25  to  100  /a  in 
diameter,  which  acquire  a  punctate  appearance  from  the  presence 
of  numerous  exceedingly  minute  granules.  The  elements  of  the 
white  yolk  are  for  the  most  part  smaller  (fig.  7  b),  and  likewise 
spherical,  but  contain  one  or  several  large  highly  refractive  granules. 


7if .  7.~Tolk-elem6Bts  from  the  Fowl's  0^,  after  Baupour.    a,  Yellow  yolk ;  b,  white  yolk. 


At  the  boundary  between  the  two  kinds  of  yolk  there  are  present 
spherules  which  effect  a  transition  between  them. 

The  freshly  laid  Hen's  egg  (fig.  8)  has  a  different  appearance 
from  that  of  such  an  ovarian  egg.  This  results  from  the  fact  that 
there  is  deposited  around  the  yolk,   when  it  detaches  itself  from 
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"the  uviiiy  ildiI  is  laken  up  by  the  oviduct,  several  secondiuy  en- 
velopt'H  deiived  from  the  wall  of  the  oviduct,  vii.,  the  white  of  the 
"gg'  or  tho  albumen,  the  sheli-menibi-ane,  ivnd  the  calcai-eous  ehell. 
if  these  parts  is  formed  in  a  special  region  of  the  Hen's  oviduct. 
I  latter  is  divided  into  four  regions:  (1)  A  narrow  ciliated 
ilitial  part,  into  which  the  lihemted  egg  in  received,  and  where  it 
k  fertilised  by  the  spermatuitDa  ah-eudy  accumulated  there ;  (2)  n 


ihiUyolk,  Htuc: 


■iMnuiiinf  Ujen  nt  lu 
btvBt  soil  uf  Ibn  ■ 


DoiLdtU  of  A  oenlral  fUsk-BliHind  tarn 
ellow  joik(jf.]f-)i  41,1.  vli«Utti«iDnnbnu 
lugdiiitelT  ra'alopca  (he  jrolk  ;  v.  ullni: 

floid  portJoiu;  ch.l.  ohitliniB ;  a-cA.  ol: 
latmliTanaf  ClMihell-i 


,>.■>.  ODtnUJiir  of  tlietbaU'HunuljrwKi:  >. 

ulular  region,  covered  with  longitudinal  furrows,  from  whicli 

e  albumen  is  secreted  and  ttprend  around  the  yolk  in  a  thiiJc  layer  ; 

(3)  a  somewhat  enlarged  part,  covered  with  umall  villi,  the  cells 

nf  which  secrete  calcaivous  units,  and  thus  cause  the  formation  of 

shell ;  ( j)   a  xhort  naiTower    region,   thi'ough    which  the  egg 

I  rapidly,  and  without  undergoing  any  further  change,  when 

g  deiHNut^d. 

F  The  enveliipes  fiimished  in  aucceasion  by  the  oviihict,  have  the 
iSlowing  eomiwsition : — 

[His  white  of  Hie  egg,  or  albumen  (lo),  is  a  mixture  of  several 
iaU:  accoi'ding  to  chemical  analyses,  it  contains  12/  albumen. 
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1*5%  fat  and  other  extractive  materiaLs,  0*5%  salts  (potassic  chloride, 
sodic  chloride,  sulphates,  and  phosphates),  and  86%  water.  It 
surrounds  the  yolk  in  several  layers  of  varying  consistency.  There 
is  a  layer  quite  closely  investing  the  lattei*,  which  is  firmer  and 
especially  noteworthy  because  it  is  pi*oloiiged  into  two  peculiar 
spirally  twisted  cords,  the  ckalazcR  {ch.l\  which  consist  of  a  very 
compact  albuminous  substance,  and  which  make  their  way  through 
the  albumen  to  the  blunt  and  to  the  pointed  poles  of  the  egg. 

The  albumen  is  enclosed  by  the  thin  but  firm  shell-membrane  («.m) 
(membrana  testes),  which  is  composed  of  felted  fibi^es.  It  may  be 
separated  into  two  lamellee — an  outer,  which  is  thicker  and  firmer, 
and  an  inner,  which  is  thinner  and  smooth.  Soon  after  the  egg  is 
laid  the  two  layers  separate  from  each  other  at  the  blunt  pole,  and 
enclose  between  them  a  space  filled  with  air  {a.ch\ — the  so-called 
air-chamber,  which  continues  to  increase  in  size  during  incubation, 
and  is  of  impoitance  for  the  respiration  of  the  developing  Chick. 

Finally,  the  shell,  or  testa  («),  is  in  close  contact  with  the  shell- 
membrane;  it  consists  of  an  organic  matrix  (2/),  in  which  98%  cal- 
careous salts  are  deposited.  It  is  porous,  being  tm versed  by  small 
canals,  through  which  the  atmospheric  air  may  gain  entrance  to  the 
eg^»  The  porosity  of  the  calcareous  shell  is  an  absolute  necessity  for 
the  normal  development  of  the  egg,  since  the  vital  processes  in  the 
protoplasm  ciin  take  place  only  when  there  is  a  constant  supply  of 
oxygen.  If  the  jwi'osity  of  the  shell  be  destroyed,  either  by  soaking 
it  in  oil  or  closing  its  pores  with  varnish,  the  death  of  the  incubated 
e^g  ensues  in  a  very  short  time. 

B.  Compound  Eggs, 

Compound  eggs  are  found  only  in  a  few  subdivisions  of  the 
inveiiiebrated  animals,  as  in  the  Cestodes,  Trematodes,  etc. ;  they 
are  noteworthy  in  this  respect,  that  they  are  produced  by  the 
union  of  numerous  colls,  which  are  formed  in  two  different  glands 
of  the  sexual  apparatus  of  the  fc»male, — in  the  germarium  and  in 
the  vitellarium.  In  the  gemiariwn  is  developed  the  egg-cell  in  the 
restricted  sense.  This  is  always  very  small,  and  consists  almost 
exclusively  of  egg-plasm.  When  this  cell  at  its  maturity  is  set  free 
from  its  surroundings  and  comes  into  the  sexual  outlets,  it  Ls  obliged 
to  pass  the  opening  of  the  vitellarium;  here  there  are  associated 
with  it  a  number  of  yolk-cells,  which,  owing  to  deposition  of  reserve 
material  in  the  proto])lasm,  appear  turbid  and  coai-sely  gi'onular, 
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KiJUiil   which   oonatitul*   the  Jower   that  is  given  by  the  miitei'nal 

Bcrganism  to  the  developing  germ  on  it*  way.     Thereupon  the  whole 

I  enclosed  in  one  or  Bovernl  secondary  egg-membrnnei*,  and  now 

istitntcs  the  compound  egg,  in  wiiich,  however,  the  developmental 

8  manifest  tliemselves  exclusively  on  the  'eiatple  germ  cell ; 

It  IB  that  alone  which  is  fertilised  and  segments,  while  the  yolk-cells 

kdatiUy  degenemte  and  ure  employed  as  nutritive  material.     Thus 

B  this  raise  also,  upon  closer  euimination,  the  general  law,  that  the 

bscendent  organism  takes  its  origin  from  a  nni/le  ctU  of  the  maternal 

ady,  suSere  no  exception. 


2.  The  Seminal  Filaments, 

In  contrast  with  egys,  whieh  aro  the  largent  tells  of  the  nnimnl 
libody,    the   sperm-cells   or   sperm -filaments    (spermatozoa)     are   the 
dlest  elementary  pai-ts ;  they  are  aw;umulated  in  great  multitudes 
mia  the  seminal  fluid  of  the  male,  but  can  be  lecog- 
B'ltised  in  it  only  by  the  aid  of  high  magnification,  ''       ^ 

■being,  for  the  most  part,  slender  motile  tihuiients. 
Lsniuch  as  eveiy  cell  consistft  of   at  least   two 
lely,  nucleus  and  protoplasm,  we  must 
wk  for  these  parts  in  this  cose  also.     We  shall 

e  for  debcription  the  spermatozoa  of  Man. 
;  In  Man  the  seminal  filaments  (fig.  9)  aro  about 
m.  long.     One  may  distinguish  as  head  {k) 
ft  short  bnl  thick  region,  which  marks  the  anterior 
td,  as  tail  a  long  thread-tUte  appendage  (■),  and      '^^^^g^' 
Htweeu  the  two  a  so-called  middle  piece  (ni).  mu  in  [m  dif- 

'  The  head  (k)  has  the  form  of  an  oval  plate,  S^^^n^"™; 
slightly  excavated  on  both  surfaces,  haul  ii),  a  mid- 
nowliat  thinner  toward  the  anterior  end,  ^°,  Y^  " 
''8«iin  from  the  side  (H)  it  presents  a  certain  re- 
seonblance  to  a  flattened  pear.  Chemically  considered,  it  consists  of 
naclrar  rnihstance  (uuclein  or  chromatin),  as  microchemical  reactions 
iibiiw.  To  the  head  is  uuit^id,  by  means  of  a  short  part  calletl  the 
middle  piece  (m),  the  long  thread-like  appendage  (»),  which  in  com- 
posed of  protoplasm,  and  is  heat  compared  to  a  flagellum,  because, 
B  the  latter,  it  executes  pecidior  serpentine  motions  in  virtue  of 
I  contractile  prof^rtiee.  By  means  of  these  motions  the  sper- 
I  moves  forwards  in  tlie  seminal    fluid   witli   considerable 
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The  spermatozoa  have  often  been  designated — and  it  seems 
to  us  with  entire  justice — as  ciliate,  or  still  better  as  flageUate, 
cells. 

The  spermatozoa  of  the  remaining  Vertebrates  have  a  similar 
structure  to  that  of  Man ;  on  the  whole,  the  diveraity  of  form  which 
is  encountered  in  the  comparative  study  of  the  egg-cell  in  the  animal 
kingdom  is  wanting  here. 

That  spermatozoa  are  in  reality  metamorphosed  cells  cannot  be 
more  clearly  demonstrated  than  by  their  development.  According 
to  the  extended  observations  of  La  Valette  and  others,  each 
spermatozoon  is  formed  from  a  single  seminal  cell  or  spermatid,  and, 
to  be  more  precise,  the  head  is  formed  from  the  nudeus,  the  carUractile 
/Uament/rom  the  protoplasm. 

The  metamorphoses  which  take  place  in  the  development  have 
been  investigated  with  the  greatest  detail  by  Flemmino  and 
Hermann  in  the  case  of  Salamandra  maculata,  the  spermatozoa  of 
which  are  characterised  by  their  very  great  size.  The  individual 
spermatozoon  here  consists  of:  (1)  a  very  long  head,  which  has  the 
form  of  a  finely  pointed  skewer,  and  takes  up  stains  with  avidity ; 
(2)  a  short  cylindrical  middle  piece,  which  differs  from  the  first  part 
in  chemical  properties  also ;  (3)  the  motile  caudal  filament,  which  in 
the  Salamander  exhibits  the  additional  peculiarity  that  it  is  provided 
with  a  contractile  undulating  membrane.  Of  these  three  regions 
the  skewer-like  head,  and  probably  also  the  middle  piece,  arise  from 
the  nucleus  of  the  spermatid,  whereas  the  contractile  filament  is 
differentiated  out  of  the  protoplasm.  In  the  development  of  the 
head  the  nucleus  of  the  seminal  cell  is  seen  to  become  more  and 
more  elongated  (fig.  10  ^,  -^);  at  first  it  takes  the  form  of  a  pear 
(fig.  10-4  k);  then  it  grows  out  into  an  elongated  cone  (fig.  10  B  k), 
the  base  of  which  serves  as  the  point  of  attachment  for  the  middle 
piece  {'inst).  The  cone  becomes  elongated  and  narrowed  into  a  rod 
(fig.  11  A,  B)j  which  is  finally  converted  into  the  characteristic  form 
of  a  skewer.  With  this  elongation  of  the  nucleus  the  chromatic 
network  becomes  more  and  moi*e  dense,  and  at  last  assumes  a  quite 
compact  and  homogeneous  condition,  as  in  the  mature  spermatozoon. 
The  fimdament  (Anlage)  of  the  middle  piece  (figs.  10,  11,  A,  B,  m^t) 
makes  its  appearance  early — when  the  nucleus  begins  to  elongate — 
at  that  end  of  the  nucleus  which  was  called  its  base,  in  the  form  of 
a  small  oval  body,  which  at  first  takas  up  stains  like  the  head,  but 
afterwards  loses  this  property.  Its  first  appearance  demands  still 
further  elucidation. 
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Why  are  the  male  wexual  cells  so  small  ani)  thread-like,  and  so 
Idiffrrently  conBtitnted  from  the  eggsl 

The  diaidmilarity  between  the  male  and  the  female  aexnal  cells  is 
tvxplnmed  by  the  fact,  that  a  division  of  iabtir  has  uriseii  between  tlie 
Blwa,  inasmuch  as  they  have  adapteil  themselves  to  diHerent  n 


M  Uii  umiul  hU    Into   Ug  umiul   flluunt. 

after  Hekmais. 
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,    mlddls    iiliMe :    /,    lla 


I  TbB  female  rell  has  assumed  the  function  of  Bupplying  the  substances 

I  wltich  are  net*&aary  for  that  nutrition  and  pi-owth  of  the  cell  proto- 

]  plium  which  n  rapid  accomplishment  of  the  proces.s  of  development 

I  demnnils.     It  has  therefore,  while  in  the  ovary,  stored  up  in  itself 

yolk-sabstnnce,  reserve  mat«rial,  for  the  future ;  and  conaequently 

I  become  large  and  incapable  of  motion.     But  inasmuch   as  it 

is  neceaaary  for  the  aecomplisiiment  of   a  process  of  development 

that  naion  with  a  second  cell  from  another  individual  should  take 

pln«e,  and  sinew  non-motile  bodies  cannot  unite,  therefore  the  male 

s  been  suitably  modified  to  meet  this  second  requirement. 
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For  the  purpose  of  locomotion  and  in  order  to  make  poRsiblo  the 
union  with  the  non-motile  egg-cell,  it  has  l)ecome  metamorphosed 
into  a  contractile  filament,  and  has  rid  itself  completely  of  all 
substances,  as,  for  example,  yolk-material,  which  would  interfere 
with  this  principal  requirement.  At  the  same  time  it  has  tissumed 
the  form  best  adapted  for  passing  through  the  envelopes  with 
which,  as  a  melius  of  protection,  the  egg  is  suri'oundeil,  and  for 
penetrating  the  yolk. 

The  conditions  especially  in  the  vegetable  kingdom  confirm  the 
accuracy  of  this  interpretation.  There  are  plants  of  the  lowest 
forms  in  which  the  two  copulating  sexual  cells  are  entirely  alike, 
both  being  small  and  motile ;  and  there  are  other  related  species  in 
which  a  gradual  differentiation  is  brought  about  by  the  fact  that 
one  of  the  cells  Ix^comes  richer  in  yolk  and  incapable  of  motion, 
while  the  other  becomes  smaller  and  more  active.  Prom  this  it  is 
evident  that  the  stationary  ogg  must  now  be  sought  out  by  the 
migratory  cell. 

A  few  physiological  statements  may  be  in  place  in  this  connection. 
In  comparison  witli  other  cells  of  the  animal  body,  and  especially 
in  comparison  with  the  eggs,  the  seminal  filaments  are  characterised 
by  greater  duration  of  life  and  power  of  resistance,  a  fact  which  is 
frequently  of  importance  for  the  success  of  fertilisation.  The  mature 
spermatozoa,  aftt»r  they  are  set  free  from  their  connt»ction  with 
other  cells,  remain  for  months  in  the  testes  and  vasa  deferentia 
without  losing  their  fertilising  power.  They  also  appear  to  remain 
active  for  a  long  time  after  having  been  introduced  into  the  sexual 
passages  of  the  female,  perhaps  for  several  weeks  in  the  case  of  Man. 
For  some  animals  this  is  demonstrable  to  a  certainty.  For  example,  it 
is  known  that  the  s<»men  of  Bats  remains  alive  in  the  uterus  of  the 
female  during  the  whole*  winter ;  and  in  tht*  case  of  the  Fowl  it  is 
known  that  fertilised  eggs  can  be  laid  up  to  tht^  eighteenth  day  after 
the  removal  of  the  Ckxsk. 

In  the  presence  of  external  influences  semen  shows  itself  to  be 
much  more  resistent  than  the  egg-cell,  wliich  is  easily  injured  or 
killed.  For  example,  when  semen  is  frozen  and  then  thawed  out, 
the  motion  of  the  semmal  filaments  comes  back  again.  Many  salts, 
if  they  are  employed  not  too  strong,  have  no  deleterious  influence. 
Narcotics  in  strong  concentration,  and  when  employed  for  a  long  time, 
make  the  filaments  motionless,  without  immediately  killing  them, 
because  after  removal  of  the  injurious  substance  they  can  bo  revived. 
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Very  weak  alkaline  solutions  stimiilato  the  motions  of  HBiiiinnl 
[Aiil(>ntH ;  on  the  contrary,  acids,  dven  when  they  are  very  dilute, 
e  denth.     Accoiiimgiy  the  motion  bccomfls  more  lively  in  all 
iitimaj  fliiirk  of  iilkaline  reaction,  wlicreiis  in  acid  solutions  it  Hoon 

lIlSTOllT.  —The  iliscover?  thai  egg  and  serninal  Uljiraent  ara  simple  cells  U 
■toftcbing;  import  For  the  comprehension  of  the  (rholo  proceas  oC  develop- 
In  order  to  appreciate  (his  to  its  full  extent,  it  will  be  neoesBBry  to 
;□  a  digression  into  the  historical  field.    Snob  a  digreKsion  will  acquaint  ua 
e  fundamentid  transtomuttions.  which  have  alfeoted  our  conception  of 
«  esHentiats  of  developmental  prooosscs. 

the  lost  centuiy,  and  cren  in  ihu  beginning  of  the  present,  ideas  aboat  the 
«  at  the  sexual  products  wore  very  Indistiiift.      The  most  distinguishod 
UtonLbts  and  phjaiolo^sta  were  of  opinion  that  e^s  agreed  in  their  structnro 
'  particolar   with   the  grown-op  i>ri[»niani,  and   therefore  that  they 
led  from  the  beginning  the  same  organs  in  the  ?ame  posilion  and  con- 
is  the  latter,  ocly  in  an  extraordinarily  diminativc  condition.   But  in- 
11  tt  wan  not  passible,  with  the  microsuopes  of  tlie  time,  aotnuUy  to  see 
jnstratt^  intheeggsat  the  beginning  of  tbeir  development  the  assnmed 
«conrse  was  had  to  the  hypothesis  that  the  separate  parts,  each  as 
lystem,  glands,  bones,  etc.,  nust  be  present,  not  only  in  a,  very  dimiuu- 
]t  also  in  a  transparent  condition. 
□  order  to  moke  the  process  more  inloUipible,  the  origin  of  the  blossoms  of 
'■B  bum  their  bads  was  cited  as  an  illustrative  example.    Just  as  alreaciy 
■mail  bod  all  the  parts  of  the  flower,  such  as  stamens  and  colourd  petals, 
W  enveloped  by  tlie  green  and  still  unopened  sepals, — just  as  the  parts  grow 
ilment  and  then  suddenly  expand  into  a  blossom,  no  also  in  the  de- 
it  of  animals  it  was  thought  tliat  tbo  already  present  but  sraall  and 
It  parts  grow,  gradually  expand,  and  become  diBcemible.  The  doctrine 
IS  Just  been  outlined  was  con*eqnontly  called  the  Theory  of  Ha/oMinj/, 
loa.     However,  a  more  appropriate  designation  tor  it  is  the  one  intro- 
i  during  recent  decennia— ^(/a;'nviJio»  fWrjf.     For  the  characteristic 
■CI  of  this  doctrine  is,  that  at  tio  instant  of  development  is  there  anything 
.cd,  but  luther  thnt  every  part  is  present  from  the  beginning,  or  is 
S,  and  consequently  that  the  wry  eaenae  of  dnelopnent^the  br- 
is  denied.     "There  is  no  such  thing  as  liecoroing  I  "  is  the  woy  it  is 
id  in  the"  KIcrocnts  of  I'll  jsiology  "  by  tULLltn.  "  No  part  in  the  animal 
s  formed  before  another ;  all  were  created  at  the  same  time," 
■nacessary  consequence  of  a  rigid  adherence  to  the  preformation  theory, 
jkiollows,  and  Inrlecd  was  formulated  by  Lbibnitz.  Hali-kb,  and  others,  that 
J  genn  the  germs  of  all  subsequent  offspring  must   be  estabhshed  or 
nlndnl,  since   the  animal  species  are  dovelopod  from  one  another  in   un- 
tormpleFJ    s^quunce.      In    the    extension   of  this  bffx-mithin-box    doelrine 
ehaeitelKTigtlrhre)  Us  eiponnders  went  so  tar  as  to  compute  how  many 
n  germs  at  the  least  were  concentrated  in  the  ovary  of  mother  Kfo.  anil 
Bby  arrived  at  the  number  200,000  millions. 

iB  evoluIioQ  theory  offered  a  point  of  attack  for  a  scientiflo  feud,  inasmuch 
y  individnal  among  the  higher  or^nisms  is  developed  by  nicaiiB  ot  the 
ration  of  two  separate  scses.     When,  therefore,  the  scminiil  lllnmcnt  as 
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well  as  the  animal  egg  became  known,  there  soon  arose  the  actively  discnssed 
question,  whether  the  egg  or  the  seminal  filament  fcatt  the  preformed  germ, 
Dccennium  after  docennium  the  antagonistic  camps  of  the  ovUts  and  of  the 
animalculhts  stood  opposed  to  each  other.  Those  who  followed  the  latter 
thought  they  saw,  with  the  aid  of  the  magnifying  glasses  of  the  times,  the 
spermatozoa  of  man  actually  provided  with  a  head,  arms,  and  legs.  The 
animalculLsts  recognised  in  the  egg  only  a  suitable  nutritive  soil,  as  it  were, 
which  was  necessary  to  the  growth  of  the  spermatozoon. 

In  the  face  of  such  doctrines  there  dawned  a  new^  period  for  Embryology, 
when  in  1759  Caspab  Fbiedbich  Wolff  in  his  doctor's  dissertation  opposed 
the  dogma  of  the  evolution  theory,  and,  casting  aside  preformation,  laid  down 
the  scientific  principle  that  what  one  could  not  recognise  by  means  of  his 
senses  was  certainly  not  present  preformed  in  the  germ.  At  the  beginning,  so  he 
maintained,  tlw  germ  is  nothing  else  tJian  a7i  unorganised  material  eliminated 
from  the  sexual  organs  of  tlw  parent,  which  gradually  becomes  organised,  but 
only  during  the  process  of  development,  in  consequence  of  fertilisation.  Ac- 
cording to  Wolff,  the  separate  organs  of  the  body  differentiate  themselves 
one  after  another  out  of  the  hitherto  undifferentiated  germinal  material.  In 
individual  cases  he  endeavoured,  even  at  this  time,  to  determine  more  exactly, 
by  means  of  observations,  the  nature  of  the  process.  Thus  C.  P.  Wolff  was 
the  founder  of  the  doctrine  of  epigenesis,  which,  through  the  discoveries  of  the 
present  century,  has  proved  to  be  the  right  one.* 

Wolff's  doctrine  of  unorganised  germinal  matter  has  been  compelled  since 
then  to  give  way  to  more  profound  knowledge,  thanks  to  the  improved  optical 
aids  of  recent  times,  and  to  the  establishment  of  the  cell -theory  by  Schlbiden 
and  Schwann.  A  better  insight  into  the  elementary  composition  of  animals 
and  plants  was  now  acquired,  and  especially  into  the  finer  structure  of  the 
sexual  products,  the  egg-cell  and  the  seminal  filament. 

So  far  as  regards  the  egg-cell,  a  series  of  important  works  began  with 
Pubkinje's  investigation  of  the  Hen's  e^  in  1825,  in  which  the  germinative 
vesicle  was  described  for  the  first  time.  This  was  soon  (1827)  followed  by 
C.  E.  V.  Baeb*S  celebrated  discovery  of  the  Mammalian  egg,  which  had  been 
hunted  for,  but  always  without  success.  Extensive  and  comparative  investiga- 
tions into  the  structure  of  the  e^  in  the  animal  kingdom  were  published  in 
1836  by  R.  Wagneb,  who  also  discovered  at  the  same  time  in  the  germinative 
vesicle  the  germinative  dot  (macula  germinativa). 

With  the  establishment  of  the  cell-theory  there  naturally  arose  the  question 
as  to  how  far  the  egg  was  in  its  structure  to  be  regarded  as  a  cell, — a  question 
which  was  for  years  answered  in  widely  different  ways,  and  which  even  now 
from  time  to  time  is  brought  up  for  discussion  in  an  altered  form.  Even  at  that 
time  Schwann,  albeit  with  a  certain  reservation,  expressed  it  as  his  opinion  that 
the  egg  was  a  cell,  and  the  germinative  vesicle  its  nucleus ;  but  others,  his  co- 
temporaries  (BisCHOFF  and  others),  regarded  the  germinative  vesicle  as  a  cell. 


•  Historical  presentations  of  the  theory  of  evolution  and  the  theory  of 
epigenesis,  which  are  worth  the  reading,  have  been  given  by  A.  Kibchhoff 
in  his  interesting  paper,  "  Caspab  Fbiedbich  Wolff.  Sein  Leben  und  seine 
Bedeutung  fiir  die  Lehre  von  der  organisohen  Entwicklung."  Jenaische  Zeit- 
sehrift  fiir  Medicin  nnd  Naturwissenschaft,  Bd.  IV.,  Leipzig,  1868 ;  and  by  W. 
His,  "  Die  Thcorien  der  geschlechtlichcn  Zeugung."  Archiv  fiir  Anthropologic, 
Pd.  IV.  u.  V, 
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the  jolk  B.1  n  mass  of  enveloping  tiabatBDce.  A  muuumity  of  views  in  Ihis 
IBBltor  was  brought  about  onlj  alter  the  general  conoeption  at  "oell' hftd 
noeiv«il  in  Bisloli^y  a  more  pl'cciw!  iltiSnJtion,  This  was  due  iMpouially  Ui 
Bore  aJicanilc  knuwlcrlge  of  the  procemtpi  of  ccIJ-formiition  gaiiici!  Miroli^'li 
the  works  at  N  jgbli.  KOlliker,  Kbhak.  I.KVDin.  and  oCbera. 

The  iaterpretatioD  of  eggs  with  aoparale  formative  and  nutritive  jolk,  and 
with  partial  olcavage,  occaiiioneil  cBpeciol  difflcalty.  Two  untogonJBtic  views 
in  this  matter  have  existtMl  for  a  long  time.  According  to  one  view,  eg^a  with 
polar  nutritive  yolk  (the  eggs  of  R«pCili»,  Birds,  elo.)  are  compoanit  slrnclureB, 
whiob  otuinot  be  desigiiated  as  simple  oelU.  Only  the  formative  yolk,  together 
with  the  germiiuitive  vesicle,  is  oompomble  with  the  Mammalian  egg;  the 
UDtritive  yolk,  ou  the  contrary,  is  Namc>thlng  now,  superposed  upon  the  cell 
tnnn  withnut,  a  product  of  the  follicular  epitbolium.  The  spherules  of  the 
white  yolk  are  explained  as  uninuclear  and  mnltinuclear  yolk-cellB.  The 
tormatlve  nnd  nutritive  ^'olk  together  are  comparable  with  the  entire  oontentti 
the  OBAA.r[jUi  vesicle  of  Mammals.  H.  Meckel,  Allen  Tiiohson. 
fiKB.  STBICKEB,  Hra.and  other*,  have  exprcasod  themsclveit  in  favour  of  this 
!«  with  slight  modifications  in  the  details. 

According  to  the  oppoule   view  of   Liucka.Bt,  Kf)LLiKEB,  Geoehbaub, 

ttAacKEL,  VAN  BesEDEir,  Balfoitb,  and  others,  the  Biril's  i^g  is  jUBt  a*  truly 

a  simpk  cell  as  the  egg  of  a  Mammal,  and  the  comparison  with  a  Ubaafian 

(oUiole  is  to  be  rejected.     The  volk  never  contains  enclosed  cells,  but  only 

nntrltive  components.     As  KOlliker,  especially  in  opposition  to  His,  has 

'lown,  the  white-yolk Ephemles  contaitino  structares comparable  withgenQiao 

■nuclei ;   and  therefore  cannot  be  interpreted  ae  cells.    As  Gegekbattb 

IS61  sharply  formulated  it :  "  The  eggs  of  Vertebrates  with  partial 

[«Ie«vs^  are  on  tbat  account  eBsenlJally  no  more  compound  structures  than 

those  of  the  remaining  Vertebrates ;   they  are  nothing  else  than  enormoos 

veils  peoaliarly  modifleil  for  special  purposes,  but  whidi  never  surrender  this 

their  real  character,"    There  would  be  no  change  in  this  interpretation,  even 

,11  it  should  prove  lo  be  that  the  yolk  was  tonned  in  part  from  the  follicular 

itiieliimi,  and  was  set  free  from  the  Inttcr  ae  a  sort  of  secretion.     In  that 

should  have  to  do  with  a  special  method  of  natrition  of  the  egg,  the 

■DBtoce  o[  which  cannot  on  tliat  soconnl  be  called  in  question. 

Various  components  ol  the  yolk  have  received  special  names,     Rbioigbt 

distinguished  as  formative  yolk  the  Gnely  gracQlar  mass,  which,  in  the 

I's  egg,  contains  the  geiTuinative  vesicle,  and  forms  the  germ-disc,  because 

le  undergoes  the  process  of  cleavage,  and  produces  the  embryo.    The 

chief   lOMs  of  tbe  ^g  he  called  nutritive  yolk,  becanse  it  does  not 

break  op  into  cells,  and  because  subscqaently,  enclosed  in  a  yolk-sac,  it  is 

ncd  as  nutritive  material.     Afterwards  Hia  introduced  for  these  the 

oliiet  germ  and  accessory  germ  (Haiipt-  mid  Nrbenkrim). 

Whfiteaa  the  nomenclature  of  Rbicdbbt  and  Hia  is  applicable  only  to  ^gs 

Itll  polar  arrangement  of  nutritive  yolk,  VAB  BENEDBS  (1870)  has  undertaken 

division  of  tbe  substance  of  the  egg  from  a  more  genera!  standpoint.     He 

.iogulahas  between  the  protoplaanic  matrix  of  the  egg.  in  which,  as  in 

every  c«ll  in  generul.  the  vital  processes  take  place,  and  the  resen'e  and 

nDtntive  materials,  which  arc  stored  up  in  the  protoplasm  in  the  form  of 

giatmlei,  pistes,  and  balls,  and  which  he  designates  as  dentoplasm.     Every 

egg  possesses  both  components,  only  in  different  proportions,  in  varied  forms 

md  distribution.     Balfoitb  has  selected  tliis  latter  condition  as  a  htuas  for 
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division ;  and  has  conRequently  made  the  three  groups  of  alccitbal,  telolecithal, 
and  centrolecithal  ejrprs,  for  which  I  have  selected  the  designation  eggs  with 
little  or  uniformly  <listributcd  yolk,  eggs  with  polar,  and  eggs  with  central 
\olk. 

In  recent  times  investigation  has  been  directed  to  the  finer  structure  of  the 
germinativc  vcMcle,  in  which  Kleixknbero  (1872)  was  the  first  to  observe  a 
special  protoplasmic  nuclear  trestle  {Kemgerutt)  or  nuclear  network,  which  since 
then  has  been  shown  by  numerous  researches  to  be  a  constant  structure.  In 
the  case  of  the  germinative  dot  I  have  myself  designated  two  chemically  and 
morphologically  distinguishable  substances  as  nuclein  and  paranuclein,  the 
investigations  concerning  the  importance  and  the  rdle  of  which  in  the  develop- 
ment of  the  e^  are  not  yet  concluded. 

The  history  of  the  spermatozoa  begins  with  the  year  1677.  A  student  in 
Leyden,  Hamm,  in  the  microscopic  examination  of  semen,  saw  the  briskly 
moving  borlies,  and  communicatetl  his  observation  to  his  teacher,  the  celebrated 
microscopist  Leeuweniioeck,  who  instituted  more  accurate  investigations, 
and  published  them  in  several  papers,  which  soon  attracted  general  attention. 
The  sensation  caused  was  all  the  greater  because  Leeuwekhoeck declared  the 
seminal  filaments  to  be  the  preexisting  germs  of  animals,  and  maintained  that 
at  fertilisation  they  penetrated  into  the  egg-cell  and  grew  up  in  it.  Thus 
arose  the  school  of  animalculists. 

After  the  refutation  of  the  preformation  theory,  it  was  thought  that  no 
importance  was  to  be  ascribed  to  the  seminal  filaments  in  fertilisation,  it 
being  held  that  it  was  the  seminal  fluid  that  fertilise<i.  Even  during  the  first 
four  decennia  of  the  present  centur}*,  the  seminal  filaments  were  almost 
universally  held  to  be  independent  parasitic  creatures  (spermatozoa)  com- 
parable with  the  Infusoria.  Even  in  Joii.  MClleb's  "  Physiology  **  (1833-40) 
occurs  this  statement :  "  Whether  the  semen-animalcules  are  parasitic  animals, 
or  animated  elements  of  the  animals  in  which  thev  occur,  cannot  for  the 
present  be  answered  with  certainty.*' 

The  settlement  of  the  question  was  accomplished  by  comparative  histological 
investigations  of  the  semen  in  the  animal  kingdom,  and  by  physiological 
experiment. 

In  two  es.<tays~*' Beitrage  zur  Kenntniss  der  (leschlechtsverhaltnisse  nnd 
der  Samcnflussigkeit  wirbelloser  Tbiere,"  and  "  lUldung  der  Samenfilden  in 
Bliischen  " — KOlliker  showed  that  in  many  animals,  ejg,^  in  the  Polyps,  the 
semen  consists  of  filaments  only,  the  fluid  being  entirely  absent :  and  that  in 
arldition  the  filaments  are  developed  in  cells,  and  consequently  are  themselves 
elementary  part**  of  animals.  Reichert  discovered  the  same  to  be  true  in 
Nematodes.  By  means  of  physiological  experiment  it  was  recogrnise<l  that 
seminal  fluid  with  immature  and  motionless  filaments,  and  likewise  mature  but 
filtered  semen,  did  not  fertilise.  This  was  decisive  for  the  view  that  the 
seminal  filaments  are  the  active  part  in  fertilisation,  and  that  the  fluid,  which 
is  adde<l  thereto  in  the  ca.se  of  the  higher  animals  under  complicated  sexual 
conditions,  "can  be  reganle<l  only  as  a  menstruum  for  the  seminal  bodies 
which  is  of  sulwrdinate  physiological  significance.** 

Since  then  our  knowledge  (1)  of  the  finer  structure,  and  (2)  of  the  develop- 
ment of  the  .seminal  filaments,  has  made  further  advances.  So  far  as  regards 
the  first  p<jint,  we  have  learned,  especially  through  the  works  of  La  Yalettb 
and  Schweigqer-Seidel,  to  distinguish  between  head,  middle  piece,  aod 
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o  know  tbeir  dUIercDt  chemioal  aoid  ph^Nical  properties.    The  view 
wtt    hy   K{)MJKBB,   tliU  ordinarily  ths  sominal   Glaiuonts   were  tbe 
d  unit  elun)int«d  nnclei  of  the  Hnminal  cells,  anderwent  a  modifl- 
AoROrding  Ui  tlii;  luscnrcbcs  oF  LA  VALETTe.  only  tlip  liend  of  tlic 
Biiml  tilament  nriaea  from  t.be  nnolBus,  tlio  tail,  od  Llio  contrary,  from  the 
n  al  the  spermatid.    Finally  li'LKHiitKa  broDgbt  foraani  orjDvincing 
It  is  only  the  chromatin  of  the  niicleus  that  is  metainor|)hoscd  into 
the  head  of  the  seiuinal  filament.     Important  invcatigtitiuD!!  ooDceming  the 
derelopniKit  of  the  seminal  lilainenta  in  various  animals  have  recently  been 
made  by  va»  Bbnsdkk  bt  Ji-lin,  Flatneb,  IIkkmank,  and  others. 

tSuUMART. 
I  The  moet  important  results  of  this  chapter  may  ho  hvietiy  .stim- 
faftrisei]  as  fullows  ;^ 
*    1.  Male  and  female  sexual  products  ore  simple  ctlls. 
2.  The  seminal  filaments  are  eomparablo  to  flagellate  cells.     They 
lav  iinually  composed  of   three  portions,  head,  middle  piece,  and 
mntJ^actile  tilametit. 

3,  The  seminal  filament  is  developf-U  out  of  a  single  cell,  the 
Mpermutid  i  the  head,  and  probably  uls»  the  middle  piece,  fivm  the 
Audeua ;  the  L-ontractile  filament  from  the  protoplasm, 
r  4.  The  egg-ceU  consists  of  egg-pla.'^m  and  yolk-pai-tii'len,  which  at* 

rve  material  (deutoplnsm),  imbeildeil  in  it, 
i  6.  The  quantity  and  ilistribntion  of  the  deutoplasm  in  thef!gg-ccll 
lubject  to  great  varintion,  and  exercises  the  greatest  influence  on 
e  course  of  the  fii'gt  pi'oc«sses  of  development. 

(a)  The  deutnpla«n  is  small  in  amount,  and  uniformly  dis- 

tribut«d  in  the  egg-plasm. 
[It)  llie  duutoplasm  is  present  in  greater  quantity,  and,  in 
nnise<]ueDce  of  unequal  disti-ibution,  is  more  densidy 
nccumulatt^  nither  at  one  ]x)1b  of  the  egg  or  in  its  middk, 
(Polar  and  central  deutoplasm.) 
(o)  In  t^gs  with  |xilur  deutopliiam  {eggs  with  polar  differenlia- 
tion)  the  jxile  with  more  abundant  deut<ipla«miu  contents 
is  ileflignafccd  as  the  vegt'tative,  the  opposite  one  us  the 
animal  pole, 
(rf)  In  thf  case  of  eggs  with  polar  differentiation,  the  more 
abundant  protnpinsnk  of  the  animal  pole  may  be  »hai'ply 
ditlVrentiated  as  germ-disc  (formative  yolk)  from  the 
poi-tion  whiolt  is  richer  in  deutoplasm  (nutritive  yolk). 
The  dtrvetopmental  proceeses  take  place  only  in  tJic 
formative  yolk,  while  the  nutritive  yolk  remains  on  the 
whole  passive. 
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6.  Eggs  may  he  dividod  into  several  groups  and  sub-groupe  ac- 
cording to  their  development  from  cells  of  the  ovary  alone,  or  from 
c^'lls  of  the  ovarium  and  \'itellaiium,  as  well  as  acconling  to  the 
distribution  of  the  deiitophism,  as  exhibit<Ml  in  the  following 
scheme : — 

I.  Simple  eggs.     (Development  from  cells  of  the  ovary.) 

A.  Kggs  with  little  deutoplasm  uniformly  distributed  through 

the  ogg  (alecithal*).     (Amphioxus,  Mammals,  Man.) 

B.  Eggs  with  abundant  and  unequally  distributed  deutoplasm. 

(1)  Eggs  with  polar  differentiation  (telolecithal),  with  deuto- 

plasm having  a  polar  position,  with  animal  and 
vegetative   poles.     (Cycloetomes,   Amphibia.) 

(2)  Eggs  with  polar  differentiation,  which  are  distinguished 

from  the  preceding  sub-group  by  the  fact  that  with 
them  there  hns  been  effected  a  still  sharper  segregation 
into  formative  yolk  (germ-disc)  and  nutritive  yolk — 
into  a  part  which  is  active  during  development  and  a 
part  that  is  passive.  (Eggs  having  polar  differentia- 
tion with  a  germ-disc.     Fishes,  Reptiles,  Birds.) 

(3)  Eggs  having  central  differentiation  with  central  deuto- 

plasm  (centrolecithal)    and    superficially  distributed 
formative  yolk  (blastema,  Keimluiut),     (Arthropods.) 
II.  Compound  eggs.     (Double  origin  from  cells  of  the  ovarium 
and  vitellarium.) 

lilTERATUBE. 

Baer,  C.  B.  von.    Do  ovi  mammalium  et  hominis  gcnesi  epistola.    Lipnae 

1S27. 

Beneden,  Ed.  van.  Recherches  sur  la  composition  ct  la  signification  de 
I'ceuf.    Mdm.  cour.  dc  I'Acad.  roy.  Sci.  de  Belgiquo.    T.  XXXIV,     1870. 

Bischoff.    Entwicklungsgescliichte  dcs  Kanincheneies.     1842. 

Flamming.    Zcllsubstanz,  Kern-  und  Zelltlicilang.     Leipzig  1882. 

Frommann,  K.  Das  Ei.  Realencyclopiidie  der  gesaramton  Hcilkande.  2. 
AiiHapo. 

Gegenbaur,  C.  Uebcr  don  Bau  un<l  <lie  Entwickliing  der  Wirbelthiereier  mit 
I)articller  Dottorthcilung.     Archiv  f.  Anat.  und  Physiol.     1861. 

Ouldberg.  Beitraj?  zur  Konntniss  der  Eierstockscier  bei  Echidna.  Sitzungsb. 
d.  Jena.  Gesellsch.  (1885),  p.  113. 

Hansen.  Die  Physiologic  der  Zougung.  Hermann's  Hand  bach  der  Physio- 
logic.    Rd.  VI.  Theil  II.    Leipzig  1881. 


•  The  translator  has  been  accustomwl  for  several  years  to  a.sc  the  word 
homolecithal  instead  of  alecithal,  hcterolecithal  being  employed  as  a  coordinate 
term  to  embrace  telolecithal  and  centrolecithal  eggs. 


I' 

I:   B 


29 

irtvfig,  Oscar.     Beitciige  lur  Kenntnisa  der  Bildung.   BefruohluQB  unil 

Tiieiluiig  de»  thieriachen  Eios.     llorpliol.  Jahrb,  Bde   I.  111.  IV.     1876, 

■77,  .78. 
iSia,  W,     UntersachnDgBn  ulwr  die  erafe  Anlago  des  Wirbelthietleibea.    I. 

Die  EDtwLoltlnng  das  Huhnohena  im  Ei.     Leip:!g  1868, 
Kleinenberg.    Hjdni.    LeijKig  1hT2. 
Louokart,  H.    Article  "  Zeagaag  "  in  Wagner's  Handwort«rbiicli  der  I'hfBiu- 

lo^-iu,  Bd.  IV.     18SM. 
Iioydig,  Fr.     Beilrage  i^iir  Kenutnies  des  tbleritoliea  Eies  Im  ocbcfrachteten 

ZuaUnrl.     Zijol.  Jabcbaohor.    Abtb.  f,  Anat.    Bd.  III.  (1888),  p.  287. 

Iiudwlg,  Hubert.     Uebor  die  Bibildong  im  ITiierreioha.     WUr^yuTg  1874. 

IlBgel,  W.    Das  menschlicbe  Ei,     Arcbiv  L  mikr.  Anat.     Bd.  XXXi.     1688. 

'kinje.    Bjimbolae  ad  ovi  avium  liistorism  anlo  incubatlouem.     L^tiat 

1825. 

Znr  Keantniss  vom  Baa  des   Eiontockeias  and  dee  QiaafBcben 

Follikek.    Hygiea  Koalband  2.     1889. 
iwann.    Mikroakopiaclie  Untcrsuchnngen  iitfbr  die  UebereiDxlimoiung  in 

der  Struatur  uiid  dem  Wachsthum  der  Xbiere  aad  I'flanzea,     1839.     Engl. 

Uansi.  by  II,  Kmith.     London  18i7. 
Ttaonuon,  Allen.    Aniole  "  Orara  '  in  Todd's  Cyclopicdia  of  Anatom?  nad 

i'bjBiologj.     Vol.  X.     18B9. 
Wagner,  R.     I'ludromus  hist.  geQeralioms,     Jjiptiiu  1S3Q. 
Waldey er,  W.     Eierstock  uad  Ei.     Leipag  WO. 
Valdeyer,  W.      Eioratock  n.   SebeneierBtoolt.      Striulier'B   Handbuoli   der 

Lelire  t.  den  GawebeQ.     1871.     Engl,  tiansl.     .Vrw  Yitfk  1872. 


I         Hage] 


I 


Banecke,B.     Ueber  Iteifuog  imd  Befnicblung  des  Bies  beiden  PledernmuKen. 

ZooL  Aiiicigtr  (1879),  |>.  'M\. 
Baneden,  Ed.  van,  et  Charles  Julin.    1^  spcrmaUig^Diso  ubea  I'Aecftrido 

m6galDc£pbale.     Bull,  de  I'Acud,  ru;.  Bci.  da  fielgique,     T.  Vll.  (1884), 

p.  312. 
Simsr.    Uebet  die  Fonpliauzong  der  Fledermiinee.    ^ol.  Anxeiger  (1B7S), 

p.  125. 
BfigalTnMin.     Uebof  die  Flinunerbew^uog,    Jena.  Zeitsohr.  f.  Med.  and 

Natunviss.    Bd.  IV.  (1868),  p.  321. 
Flammiiig,  W.     BeitrAgc  cur  Kunntnisa  der  Zellc  iind  ihrer  Lebencerscbeio- 

Dngcn.     [|.  Thuil.    Archiv  f.  uiihr.  AiiaC.     Bd.  XTIIi.    1880, 
Flemming,  W.    Wcilere  Beobachtiiogco  iiberdie  Bntwit^lclungder  SperiDUto- 

Aomeo    l>ei   Sftljunaudra    uiaoulosa.     Aruhiv  f,   milir.  Atiiil.     Bd,  XXXI. 

1888. 
Hemtuin.    Beiliage  zur  Histulogie  dea  Uudens.     Archiv  f,  tniJtr,  Anat,     Bd, 

XXXI V,     l>'81i. 
Hertwig,  Oecar,  und  Kiohard  Hartwlg.     Ueber  den  Befrochtungs.  und 

thoilungsvotgang  dca  thterisclieu  Eies  anter  dem  EinBasa  auuerer  Agen- 

tien.     1887. 
KdUiker.    i'bjraologisclie   Rtudien  iiber  die  KameuQuesigkait.     ZeitBCbr.   f. 

wis*.  Zoologie.     Dd,  VII,  (1856),  p.  201. 
KdUiker.      Boitrilge   lui   KcnutniBH  der   GeBcliIeclit«verhall,nisBa   and   der 
wirbelloaer  "nueie,   etc.     Sertin   1841, 


30 


EMBRTOLOGT. 


K511iker.    Die  Bildang  der  Samenfiiden  in  Blaschen.    Denkschr.  d.  Schweixer. 

Gcsellsch.  f.  Naturwiss.    Bd.  VIII.    1847. 
NuBsbaum,  M.    Ueber  die  Veriiiiderungeii  der  Geschlechteproducte  bis  ror 

Eifurcbung.    Arcbiv  f.  mikr.  Anat.    Bd.  XXIII.     1884. 
Beichert.    Beitrag  zur  Entwickelungsgeschichte  der  Samenkorperchen  bei 

den  Nematoden.     Muller's  Arcbiv.     1847. 
Schweigger-Seidel.    Ueber  die  Samenkorperchen  und  ihre  Entwioklnng. 

Arcbiv.  f.  mikr.  Anat.    Bd.  I.     1866. 
Valette  St.  Oeorge,  von  La.    Article  "  Hoden,"  Strieker's  Handbnoh  der 

Lebre  von  den  Ciewcbcn.     Engl,  trans.    New  York  1872. 
Valette  St.  Oeorge,  von  La.    Spermatologiscbe  Beitriige.    Arcbiv  f.  mikr. 

Anat.     Bde.  25,  27,  28.     1886.  -86. 
Waldeyer.    Bau  und  Entwicklung  der  Samenfaden.    Anat.  Anzeiger  (1887), 

p.  345.    (Full  list  of  tbe  literature  on  Spermatozoa.) 


CHAPTER   II. 

THE  PHENOMENA    OF  THE   MATURATION  OF  THE  EGG  AND 

THE  PROCESS  OF  FERTILISATION 

1.  The  Phenomena  of  Maturation. 

Eggs,  such  as  have  been  described  in  the  previous  chapter,  are 
not  yet  capable  of  development,  even  if  they  have  acquired  the 
normal  size.  Upon  the  addition  of  mature  semen  they  remain 
unfertilised.  In  order  that  they  may  be  fertilised  they  must  first 
pass  through  a  series  of  changes,  which  I  shall  group  together  as 
the  phenomena  of  maturation. 

The  matui*ation-phenomena  begin  with  changes  of  the  germinative 
vesicle,  which  have  been  followed  out  the  most  carefully  on  the 
small  transparent  eggs  of  invertebrated  animals,  such  as  the 
Echinoderms  and  Nematodes  (the  maw-worm  of  the  horse).  The 
germinative  vesicle  gradually  moves  from  the  middle  of  the  egg — 
the  e^g  of  an  Echinoderm  may  serve  as  the  l)asi8  of  the  description 
— towards  its  surface,  shrivels  a  little  (fig.  12-4),  in  that  fluid  escapes 
from  it  into  the  surrounding  yolk,  its  nuch^ir  membrane  disappears, 
and  the  germinative  dot  becomes  indistinct  and  breaks  up  into  small 
fragments  (fig.  12  5^).  During  this  degeneration  of  the  germinative 
vesicle  a  nuclear  spindle  (fig.  \2  B  sp)  is  formed^  as  can  be  recognised 
only  after  appropriate  treatment  with  reagents ;  Hiere  arises  out  of 
parts  of  tlie  germinative  dot^  or  out  of  a  part  of  the  nuclear  substaiice 
of  iJie  germinative  vesicle,  a  nuclear  sjntul/e  (fig.  12  i^  sp), — a  form 
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t  th«  aucleus  which  one  encount«i-s  in  the  animul  and  vc^oUible 
*  kingdoms  in  ettigee  preparatory  to  cell-division. 

Th«  nuclear  spindle,  the  more  precise  stnicture  of  which  will  Iw 
described  later,  in  discussing  the  process  of  cleavage,  pursues  still 
further  the  direction  already  tuken  by  the  germinative  vouicle,  unti 
it  touchets  with  its  apex  the  Hurfaoe  of  the  yolk,  where  it  iwauinea  a 
position  with  its  long  axis  in  the  direction  of  a  radius  (fig,  13  /  »p). 
l  genuine  process  of  cell-division  soon  taken  place  here,  which  is  to 
B  diMtinguiflhed  from  the  ordinary  cell-division  only  by  this,  that 
B  two  product*  of  the  division  are  of  very'  unequal  Bt^e.     To  be 


more  exact,  therefore,  we  have  to  do  here  with  a  edl-hwlding.  At 
the  place  where  tbe  nuclear  spindle  touches  the  Miu-face  with  one  of 
its  exti^mities  the  yolk  arcbetj  up  into  a  small  knob,  into  which 
half  of  the  spindle  itself  advnnces  (tig.  13  -//).  The  knob  thereupon 
become*!  oonBtricted  at  its  base,  and  with  the  half  of  the  spintUe — 
from  which  subsequently  a  vesicular  nucleus  is  again  formed — is 
dotncht-d  from  the  yolk  aa  a  very  small  coll  (fig.  13  ///  li').  Hore- 
ii]>on  exactly  tbe  mmo  proceins  is  i-eiiented,  after  the  lialf  of  the 
spindle  which  remains  in  the  egg,  without  having  previously  entei'ed 
into  tlie  vesicular  quieiwent  stiige  of  the  nucleus,  has  restored  itself 
to  a  complete  spindle  (fig.  13  17). 

Tliere  now  lie  close  together  on  the  aurface  of  the  yolk  two 
upherules,  which  consist  of  protoplasm  and  nucleus,  and  tberefoi-e 
have  the  value  of  small  ccll«  (fig.  13  V  Tk\  j-if),  and  Hhicli  nn- 
oft«n  to  be  identified  in  an  unaltered  condition,  evt'D  after  the 
egg  biut  been  divided  into  a  number  of  cells     They  were  already 
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known  in  earlier  times  under  the  name  of  Mreclion  bodies,  or 
polar  edla.  Tliey  h&ve  acquired  the  tatter  name  because,  in  the  caae 
of  eggs  in  which  a.n  animal  pole  is  ta  be  diRtiaguished,  they  always 
arise  at  that  pole.  Aft«r  the  concluaion  of  the  second  procetw  of 
budding,  one  half  of  the  tipindle,  the  other  half  of  which  wati  employed 
in  the  formation  of  the  second  polar  cell,  is  left  in  the  cortical  layer 
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of  the  yolk  (fig.  13  V  and  VI  ek).  From  thU  arises  a  new,  amall, 
vesicular  nucleus,  which  consists  of  a  homogeneous,  tolerably  fluid 
substance  without  distinctly  segregated  nucleoli,  and  attainij  a 
diameter  of  about  13  /i.  From  the  place  of  it«  formation  it  usually 
migrates  slowly  back  again  toward  the  middle  of  the  egg  (fig.  14  eii). 
Tlie  Buclous  of  the  mature  egg  (fig.  14  ek)  ha,s  been  designated  by 
me  as  Effg-nnoletU,  by  van  Benedbh  aii  female  pronucleus.  It  is  not 
to  be  confounded  with  the  gerninative  vesicle  of  the  UHfertUised  egg. 
Compare  the  figures  of  the  immature  egg  (fig.  19)  and  the  mature 
egg  (fig.  14)  of  an  Echinoderm,  both  of  which  ai'e  drawn  with  the 
same  magnification.  The  germimvtivo  vesicle  is  of  veiy  considei'able 
size,  the  (■gg-uucleuH  remarkably  small :  iu  the  case  of  the  former 
one  distinguishes  a  clearly  developed  nuclear  membrane,  a  nuclear 
network,  and  a  nucleolus ;  the  latter  is  almost  homogeneous,  wiUiout 
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Jaudeolua,  und  not  Bepamtwi  from  the  protoplasm  by  any  fixed 
leubrone.  Similar  distinctions  in  the  condition  of  the  germiniitive 
Lud  the  egg-nucleus  recur  tliroughout  the  animul  kingdom. 
The  formation  of  polar  celld,  and  tho  acmmpanyiug  metftmorphosia 
tf  the  gei'Diinative  veMcie  into  auch  an  extraordinaiily  reduced  egg- 
iclens,  is  «  phenomenon  of  very  wide,  probably,  indeed,  of  general 
Polar  cells  liave  been  observed  throughout  the  C-telen- 
rates,  Echtnoderms,  Worms,  and  Molluscs,  In  the  ripening  of  the 
1  of  Arthropods,  according  to  the  earlier  observations,  they 
Hppeored  never  to  be  present;  but  recently  they  have  been  found  in 
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lerous  sjiecice  by  a  number  of  olwervera,  eBpecIalty  by  Blocrhann 

WeiSMANN.     Among  Vertebrates   polar  cells  are    always  en- 

mtered   in    Cyeloatomea   and  Mammjils,    whereas  in   Fishes  and 

Amphibia  they  have  been  identified  only  in  some  cases,  and  in  Reptiles 

and  Birds  not  at  all  as  yet.     They  arise  either  some  time  before  or 

dnring  fert.ili^ation. 

In  the  case  of  Mammals  (Rabbit  and  Mouse)  the  process  has  been 

carefully  investigated  by  van  Beseden,  and  recently  byTAFASi. 

weeks  before  tho  rupture  ot  the  Graafian  follicle  tlie  ger- 

veaide  ascends  to  the  surface  of  the  egg  ;  some  days  before 

it  there  disappears,  and  at  the  place  where  it  ilianppeared 

formed  the  egg-nucleus  and,  under  the  zona  pelluridu,  one 

two  (Tafami)  polar  cells.     The  egg  aEt«r  it  baa  escaped  from  the 

ovary  always  eshibita  egg-nucleus  and  polar  cells. 

Alao  in  the  case  of  Fiabes,  Amphibia,  Reptiles,  and  Birdn,  whose 
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eggs  ftre  of  conniderable  size  and  with  few  exceptions  opaque,  the 
germinative  vet>iule,  distinguished  by  its  numerous  nucleoli,  undergoes 
a  regretisive  metAmorpho^is.  Ah  has  heen  followed  step  by  step  in 
Teleosts  by  Obllachek,  and  in  Amphibia  by  the  author,  it  always 
ascends  from  the  middle  of  the  yolk  to  its  surface,  and  in 
fact  without  exception  to  its  animal  pole :  in  the  case  of  the 
Frog  (tig.  16  ib)  this  occurs  many  weelis  bofore  the  beginniag 
of  maturation.  Here  immediately  under  the  vitelline  membrane, 
it  becomes  flattened  to  a  disc-like  body,  being  at  the  same  time 
somewhat  shrunken.  Further  changes,  which  it  is  very  difficult 
to  follow  in  detail,  take  place  in  a  comparatively  short  time ; 
these  occur  in  the  case  of  the  Amphibia  at  the  time  when   the 
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eggs  are  detached  from  the  ovary.  For  if  one  examines  eggs  which 
have  already  escaped  into  the  abdominal  cavity,  or  have  entered  the 
oviduct,  it  is  uniformly  found  that  the  germinative  vesicle  with  its 
dota  has  disappeared.  In  this  case,  too,  there  are  subsequently 
formed  from  a  part  of  the  chromatic  substance  of  the  germinative 
vesicle  two  polar  cells  and  an  egg-nucleus,  as  has  been  proved  by  the 
fine  investigations  of  Hofpuann  for  some  species  of  Teleosts,  of 
0.  ScuuLTZE  for  several  Amphibia  (Siredon,  Triton),  and  of  Kast- 
BCHENKO  for  certain  Selachians. 

Weisuank  and  Blochuann  have  discovered  a  very  interesting  fact 
in  the  Arthropods.  In  eggs,  namely,  which  develop  parthenogenetio 
ally  (in  summer  eggs  of  Polyphemus,  Bythotrephes,  Moina,  Leptodora, 
and  Dajihnia,  as  well  as  in  Aphidte)  only  a  tingle  polar  cell  is  elimin- 
ated, whereas  in  eggs  which  require  fertilisation  for  their  further 
development  there  are  always  two  formed.  At  present,  however, 
this  contrast  cannot  be  established  as  a  general  law.  For  Platbbb 
found  that  in  the  ca.se  of  Liparia  diapar  there  are  formed  in 
parthenogenetic  eggs,  as  well  as  in  those  which  are  fertilised,  two 
polar  cells,  the  first  of  which  again  divides.  Blochh akn  arrived  at 
the  same  result  from  tlie  investigEtion  of  unfertilised  eggs  of  bee^ 
fi-iiui  which  drones  are  developed. 
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Although  the  researches  ou    the  pheuomenii   of    luatiiraliou   of 

aaitnaU   stiU    present  munerouu  gaps,   nevertheless  it 

I  be  regarded  aa  alrendy  wtll-eslabliahed,  lluU  eggs  with  a  germi- 

letiUe  are  neeer  oapiible  of /erliU-iation,  that  t/i-e  germinative 

f  vnthtnU  exception  dissolved,  arul  Uiat  there  is  fm-med  out  of 

to/it  (as  regards  the  details  there  are  still  many  proceesee 

B  carefully  studied)  a  very  small  ^g-nucUus.     During  t/ie 

metamOTflwsis  there  arise,  probably  ivithoul  exception,  polar  cells. 

The  polar  differentialion  of  many  eggs  rich  in  yolW,  which  waa 

1^  pointed  out  in  the  first  chapter,  may  be  brought  into  causal  connection 

B«ith  the  phenomena  of  maturation.     Withoiit  exception  the  animal 

P-pole  ia  the  pail  of  the  egg-sphere  to  which  the  germinative  vesicle 

uoends,  and  where  the  polar  cells  are  suheequently  formed.     That 

the  protoplasm  is  accumulated  here  in  greater  quantity  is  in  part 

referable  to  the  fact  that  it  comes  to  the  surface  of  the  egg  along 

I  with  the  nucleus,  which  most  certainly  fumishee  a  centre  of  attrac- 

iou  for  the  protoplasm. 

Thetnidghc  into  the  phenomena  ot  the  maturation  oE  the  ^f;,  as  thejr have  been 
'ly  presenied  io  the  preceding  pages,  ha»  been  acquired  onlj  bj  man)' 
idaboot  ways  anti  after  Iho  removal  of  mwiy  mimionceptions.  An  early  as 
year  1S2S  PDBSIKJB,  the  discoverer  of  the  germiaative  vesicle  ia  the  Ben's 
J,  found  that  in  egge  which  were  taken  from  the  ovidoot  this  vesicle  had 
dia^pesred,  atul  from  this  concludod  that  it  wim  ruptured  by  the  ooDtractions 
gf  the  oviduct,  and  that  its  contcclii  (a  lympha  genemtrix)  were  mingled  with 
Whence  the  name  vesicula  germinativa.  Bimilur  obaervations  were 
this  and  other  objecta  by  C,  E.  v.  Baeb.  Obllacheb,  CiOBTTE, 
IBN'BBKO,  KowALEVEKV,  RBiCHEBT,  and  others.  But  on  the  other  band 
positive  statements  were  made  for  many  eggs  (by  Job.  MClles  for 
Mjoncha  mirabilis ;  by  Lbtdio,  Gbcekbai^b,  and  VAN  Bekeobn  for 
''Botifeni,  Uedujue,  etc.)  that  the  germiaative  vesicle  did  not  disappear,  but 
Temained  and  gave  rise  by  direct  division  at  the  time  ot  segmentation  to  the 
^ngbter-naolei. 

There  were  therefore  in  previous  deceonia  two  opposing  parties :  the  one 
asserted  the  continnonce  of  the  germinative  vesiolc  and  its  division  during  the 
process  of  iJeavage ;  the  other  mainttuoed  that  the  egg-cell  in  its  development 
passed  through  a,  poaditioD  tcitAoiit  nvelevA,  and  again  acquired  a  nucleus  in 
W>nsai]Dence  of  fertilisation. 

The  controversial  points  were  cleared  up  by  investigations  which  BOTBCULi 

'  the  aothor  had  undertaken  at  the  same  time. 

■howed  in  my  first  "  Beitriige  mr  Kenntniss  der  Blldung,  Betmchtnog 

TheiJung  des  thiei-iscbcn   Ries,"  that   in   all    the   older  writings  there 

bad  boea  no  distinction  mode  between  the  nnolena  of   the   immature,  the 

mature,  and  the  fertilised  egg,  but  that  these  nuclei  had  been  often  confounded 

and  held  to  be  identical,  and  I  first  established  the  differences  between  germi- 

DBtiTe  vesicle,  egg-nucleus,  and  clenvagc-nuclena,  the  hitter  being  tha  names 

introdoced  by  me.    In  odiiiiion  I  showed  that  the  disappearance 
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of  the  germinative  vesicle  and  the  origin  of  the  egg-naclcas  preceded  fertilisa- 
tion, and  thus  I  distinguished  between  the  phenomena  of  maturation  and 
fertilisation  of  the  egg-cell,  which  generally  had  been  interchanged  and  con- 
founded. I  also  endeavoured  to  make  it  probable  that  the  egg-nuclens 
descended  from  the  germinative  vesicle,  and  in  fact  from  a  nucleolus  of  the 
vesicle,  and  defended  the  thesis  that  the  egg  during  its  maturation  did  not 
pass  through  a  non-nuclear  condition.  In  this  I  fell  into  an  error :  I  overlooked, 
like  all  previous  observers,  the  connection  between  the  formation  of  the  polar 
cells  and  the  disappearance  of  the  germinative  vesicle, — a  process  which  it  was 
the  more  difficult  to  establish  in  the  object  which  I  studied  because  it  takes 
place  in  the  ovary. 

The  excellent  investigations  of  BCtsghli,  which  brought  the  changes  of  the 
germinative  vesicle  into  connection  with  the  formation  of  the  polar  cells,  now 
made  their  appearance,  supplementing  my  results.  The  polar  cells  were 
discovered  in  the  year  1848  by  Fb.  Mt^LLEB  and  Lov^N,  and  were  named  by 
the  former  directive  vesicles  (Richtungsblaschen),  because  they  always  lie  at 
the  place  where  subsequently  the  first  cleavage-furrow  makes  its  appearance. 
Their  wide  distribution  in  the  animal  kingdom  had  also  been  established  by 
many  investigators ;  BCtschli  was  the  first,  however,  to  direct  attention  to 
the  peculiar  processes  which  take  place  in  the  yolk,  in  the  interpretation  of 
which  he,  nevertheless,  committed  several  errors.  He  maintained  that  the 
whole  germinative  vesicle  is  converted  into  a  spindle-shaped  nucleus,  which 
moves  to  the  surface,  and,  while  becoming  constricted  in  the  middle,  is  thrust 
outside  by  the  contractions  of  the  yolk  in  the  form  of  two  directive  bodies. 
By  this  process  the  egg  became  non-nuclear,  and  again  acquired  a  nucleus 
only  in  consequence  of  fertilisation. 

In  two  further  articles  on  the  Formation,  Fertilisation,  and  Cleavage  of  the 
Animal-Egg,  I  modified  the  teachings  of  BCtschli,  and  brought  them  into 
unison  with  my  previous  investigations,  inasmuch  as  I  pointed  out  that 
the  germinative  vesicle  is  not  as  such  directly  converted  into  the  nuclear 
spindle,  but  in  part  is  dissolved ;  that  the  spindle  takes  its  origin  from  the 
nuclear  substance  in  a  manner  which  it  is  very  difficult  to  investigate ;  that 
the  polar  cells  are  formed,  not  by  the  elimination  of  the  spindle,  but  by  a 
genuine  process  of  division  or  budding  ;  that  in  consequence  of  this  the  egg  is 
not  destitute  of  a  nucleus  even  after  the  constricting  off  of  the  second  polar 
cell,  but  that  the  egg-nucleus  arises  from  the  half  of  the  divided  polar  spindle 
which  remains  in  the  yolk,  and  therefore,  in  its  ultimate  derivation,  from 
components  of  the  germinative  vesicle  of  the  immature  egg. 

Soon  afterwards  BCtschli  also  interpreted  the  development  of  the  directive 
bodies  as  cell-budding,  likewise  Giard  and  also  FoL,  who  has  produced  a 
very  extensive  and  thorough  investigation  on  the  phenomena  of  the  maturation 
of  the  egg  in  animals.  Recently  van  Bekeden,  supported  by  researches  on 
Nematodes,  has  combatted  the  interpretation  of  the  process  as  cell-budding; 
however,  Boveri  and  0.  Zacu  ARIAS,  who  have  established  a  complete  agreement 
between  the  formation  of  directive  bodies  and  the  process  of  cell-division  in 
the  case  of  the  Nematodes  also,  are  unable  to  subscribe  to  his  conclusion  in 
this  matter. 

As  a  new  advance  is  to  be  recorded  the  discovery  by  Weismann  and  by 
Blochmann,  that  in  eggs  which  are  developed  parthenogenetically  onljf  a 
tingle  polar  cell  arises. 

If  the  original  obscurity  on  the  morphological  side,  in  which  the  phenomena 
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I  of  the  matDntJoii  of  the  e^  were  enveloped,  has  been  in  general  cleareil  np, 
the  Mune  in  not  the  case  if  we  Inqnire  after  its  pbrsiological  meaning-.  That 
flw  genoinadve  reeiole  undergoes  a  regressive  metAmorphosiH  into  component 
futf  is  eHsilf  comprehensible,  for  a  firm  membrane  and  a  rich  accumulation 
flf  nncleoplaam  certainly  cannot  be  necessary  to  the  interaction  of  protoplasm 
■Dd  active  nnclcA]'  snbitance  in  the  proaestieB  of  divi«ioD.  Its  dissolution  \a, 
$»  it  were,  the  preliminary  requirement  for  the  renewed  activity  of  the  unclear 
eoDtents.  Bat  what  fnoction  shall  one  ascribe  to  the  polar  cells  ? 
CoDDeming'  this  several  hypotheses  have  been  proposed. 
BAi.r0UB,  StDQWlCK  MlNOT,  VAX  Bbnedbn,  and  Others,  are  of  opinion 
that  the  immature  egg,  like  every  other  cell,  is  originally  hermaphroditic,  and 
that  by  the  development  of  polar  oella  it  rids  itself  of  the  male  constituents  o( 
ita  Daoleus,  which  afterwards  are  replaced  by  fettilisatiou.  Balfopb  thinks 
that,  if  no  polar  cells  were  formed,  parthenogenesis  must  normally  occirr. 

WnSHASir,  BDpported  by  his  discovery  in  the  cose  of  eggs  developing 
partbenc^netically  (p,  34),  ascribes  a  different  fanction  to  the  first  and  the 
•econd  polar  oella.  He  diitinguishes  in  the  genninative  vesicle  two  diderent 
Idnda  of  plasma,  which  he  designates  ovogenetic  and  germinal  plasma. 
He  malnUuna  that  by  the  fomuition  of  the  first  polar  cell  the  ovogenetic 
plaama  is  eliminated  from  the  ovum;  by  that  of  the  second  polar  cell,  half 
of  the  germinal  plasma.  In  the  latter  case  the  ejected  germinal  plasma  most 
be  replaced  by  fertilisation. 

These  hypotheses  appear  to  me  upon  closer  examination  to  present  many 
vulnerable  points.  To  me  appears  more  promising  an  interpretation  of 
BDtbohli,  who  compares  the  egg,  a«  had  already  often  been  done,  to  the 
mother-cell  of  spermatotoa.  Just  as  the  tatter  gives  rise  to  many  spermatozoa, 
■o  also  the  egg  must  have  once  possessed  the  capability  of  dividing  itself  into 
my  eggs.  Xa  the  formation  of  the  polar  cells,  which  are  eggs  that  have 
e  rndimentaiy,  as  it  were,  there  han  been  preserved  a  trace  of  those 
fginaJ  conditions.  Also  Bovebi  regards  the  polar  celts  as  abortive  eggt, 
■  liave  likewise  always  oonceived  of  the  conditions  in  this  manner. 


£ 


2.  The  Process  of  Fertiliflation. 

Hie  iinion  of  e^g-oell  and  xpormatic  cell  is  designated  as  the  pi-ocess 
of  fertilisation.  This  proc-ess  in  to  be  observed,  sometiraea  with  great 
difficalty,  soraetimee  with  considerable  ease,  according  to  the  choice  of 
the  animal  for  experimentation.  The  investigator  ordinarily  en- 
oonnters  great  difliciiltie»!  in  caaes  where  the  ripe  eggs  are  not  laid,  but 
where  a  port,  if  not  the  whole,  of  their  development  is  effected  within 
ihB  aesual  dncU  of  the  maternal  organism.  In  such  caseH  the  fertili- 
aatjon  also  must  evidenlly  take  place  in  the  ducts  of  the  female  sexual 
■pparatHH,  into  which  the  semeu  is  introduced  in  the  act  of 
copulation. 

An  internal  /ertiluation  takes  place  in  nearly  all  Vertebrates 
except  tliegreat«r  partof  the  Fishes  and  many  Amphibia.  Usually  the 
and  the  spermafKUW  meet,'ia  the  case  of  Man  and  Mammals,  in 
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the  begmning  of  the  oviduct ;  likewise  ia  the  case  of  Birds  they  meet 
in  the  first  of  the  four  regions  proTioualy  (p.  17)  distinguished,  and 
at  a  time  when  the  yolk  is  not  yet  surrounded  with  its  albmninons 
envelope  and  calcareous  shell. 

In  contrast  to  internal  fertilisation  stands  eselemai /ertiluation, 
which  is  the  simpler  and  mare  primitive  method,  and  which  occurs  in 
the  case  of  many  Invertebrates  that  live  in  the  water,  as  well  as 
ordinarily  in  Fishes  and  Amphibia.  In  this  method,  while  male  and 
female  keep  near  together,  both  kinds  of  sexual  products,  which  are 
for  the  most  part  produced  in  great  number,  are  evacuated  directly 
into  the  water,  where  fertilisation  takes  place  outadeof  the  maternal 


organism.  The  whole  procedure  is  therefore  much  more  easOy  observ- 
able. The  experimenter  has  it  within  his  power  to  effect  fertilisation 
artificially,  and  thus  to  determine  precisely  the  point  of  time  at  which 
egg  and  semen  are  to  meet.  He  needs  only  to  collect  in  a  watch-glass 
containing  water  ripe  eggs  from  a  female,  likewise  in  a  second  watch- 
glass  ripe  semen  from  a  male,  and  then  to  mingle  the  two  in  a 
suitable  manner.  In  this  way  artificial  fertilisation  is  extensively 
practised  in  fish-breeding.  For  the  purpose  of  scientific  investigation 
the  selection  of  the  particular  species  of  animal  is  of  the  greatest 
importance.  It  is  manifest  that  animals  with  large  opaque  eggs  do 
not  commend  themselves,  wherea-s  those  species  are  especially  suit- 
able whose  eggs  are  so  small  and  transparent  that  one  can  observe 
them  under  the  microscope  with  the  highest  powers,  and  at  the  same 
time  pass  in  review  every  least  speck.   Many  species  of  Echinoderms 
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<  ID  this  ivspect  most  excellent  objects  for  LnvvstigAtion.  Conse- 
qnently  it  was  by  means  of  them  that  an  aoeurate  insight  into  the 
processes  of  fertilisation  was  first  secured.  Thej  may  tliei-efore  serve 
in  the  following  account  as  the  foundation  of  our  description. 

If  ripe  eggs  with  egg-nucleus  are  removed  from  the  ovary  into  a 
Wftt«h-glas3  containing  sea-water,  and  a  small  quantity  o 
flmd  is  added,  a  very  uniform  result  is  obtained,  .-since  in  t1 
of  fivB  minutes  every  one  of  many  hundreds  or  thousands  of  eggs  is 


be  accurately  observed  by  n 
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of  AD  egg  in  great  numbers, — many  thousands  of  them  when  con- 
centrated seminal  fluid  is  employed, — still  only  a  single  one  of  them 
is  concerned  in  fertilisation,  and  that  is  the  one  which  by  the  lash- 
like motion  of  its  filament  first  approached  the  egg.  Where  it  strikes 
the  surface  of  the  egg  witli  the  point  of  its  head  the  clear  superficial 
expanse  of  the  egg- protoplasm  is  at  once  elevated  into  a  small  knob 
that  is  often  drawn  out  to  a  fine  point,  the  ao-cnlled  receptive  p-omin- 
ence  {Btnp/di\gnimhiigel),  or  cone  of  attraction.  At  this  place  the 
seminal  filament,  with  pendulous  motions  of  its  caudal  appendage, 
bores  its  way  into  the  egg  (fig.  17  J,  B).     At  the  same  time  a  fine 

I  membrane  (fig.  71  C)  detaches  itself  from  the  yolk  over  the  whole 
Lsurface,  beginning  at  the  cone,  and  bemmes  separated  from  it  by 
Bn  ever-in creasing  space.  The  spaci'  probably  arises  because,  in 
oonscquenca  of  fertilisation,  the  tgg-plasnia  contracts  and  presses 
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out  fluid  (probably  the  nuclear  fluid  which  was  diffused  after  the 
disappearance  of  the  germinative  vesicle). 

The  formation  of  a  vitelline  membrane  is  in  so  far  of  great  signi- 
ficance for  the  fertilisation,  as  it  makes  the  penetration  of  another 
male  element  impoAsible.  No  one  of  the  other  spermatOEoa  swing- 
ing to  and  fro  in  the  gelatinous  envelope  is  able  after  that  to  get 
into  the  fertilised  egg. 

The  one  ivhich  has  penetrated  thereupon  undergoes  a  series  of 
changes.  The  contractile  filament  ceases  to  vibrate,  and  soon  dis- 
appears ;  but  out  of  the  head — which,  as  was  previously  Btat«d,  is 
derived  from  the  nucleus  of  a  sperm-cell  (spermatid),  and  contdets  rf 
nucleiu — there  is  soon  developed  a  very  small  spheroidal  or  oval 
corpuscle,  which  afterwards  becomes 
somewhat  larger,  the  semen-  or 
sperm-nucleus  (fig.  18  sk).  This 
i^lowly  moves  deeper  int«  the  yolk, 
whereupon  it  exerts  an  influence 
upon  the  surrounding  protoplasm. 
For  the  latter  is  arranged  radially 
around  the  sperm-nucleus  (tk),  so 
that  there  ia  formed  a  radiate 
figure,  which  is  at  first  small,  but 
Pif .  ao.-^t •' •  Sinorehia  imnudiiitaij  afterwards  becomes  more  and  m<ffe 
;^.^"!li^^X''™™    «*^»T'y    expressed    and    morfl    ex- 

ci™»»ge-iiool«u»  L»),  whloh  Dnmi^ln  l)i«     tended. 

«Din    m  protop       c         on.  j^^^  ^^  interesting  phenomenon 

begins  to  hold  the  attention  of  the  observer  (figs.  18,  19,  20).  Egg- 
nucleus  and  sperm-nucleus  mutually  attract  each  other,  as  it  were, 
and  migrate  through  the  yolk  toward  each  other  with  increasing 
velocity.  The  sperm-nucleus  {»k),  enveloped  in  its  protoplasmic  radia- 
tion, changes  place  more  rapidly  than  the  egg-nucleus  (ei).  Soon  the 
two  meet,  either  in,  or  at  least  near,  the  middle  of  the  egg  (fig.  19) ; 
become  surrounded  by  a  common  radiation,  which  now  extends 
through  the  whole  yolk-substaoce ;  are  firmly  juxtaposed,  and  then 
mutually  flattened  at  the  surface  of  contact ;  and  finally  fuse  with 
each  other  (fig.  20  fk).  The  product  of  their  fusion  is  the  first 
eUavage-nwleus  {/k),  which  undergoes  the  further  alterations  leading 
to  cell -division. 

This  whole  interesting  process  of  fertilisation  has  consumed  in  tbe 
present  object  of  investigation  the  short  time  of  about  ten  minutes  only. 

Hie  phenomena  of  fertUisation  discovered  in  the  EchinodfflTss  were 
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aoon  observed,  either  complet«!y  or  at  least  partiii!ly,  in  numeroua  other 
(inimttls  also — in  Cwlent^ratea  and  Worms  (Nussbaum,  van  Beneden, 
Caenot,  Zacharias,  Botehi,  Pi^tneb),  and  in  Mollnsca  and  Verte- 
l»-ates.  As  regards  the  last,  it  has  been  possible  to  follow  accnrately 
in  the  case  of  Petromynon  the  penetration  of  a  tinffle  spermatozoiin 
into  the  egg  through  a  special  preformed  mtcropyle  in  the  ylt«lline 
nembrfine  (Calberla,  Eufffeb,  Beneckb,  and  Bohu).  Likewise  in 
the  Amphibia,  proof  has  been  brought  forward  that  after  fertilisation 
a  sperm -nucleus  is  formed  at  the  animal  pole,  and  that,  sturounded  by 
a  pigmented  area,  derived  from  the  cortex  of  the  yolk,  it  moves  to- 
ward another  more  deeply  imbedde<l  nucleus  (egg- nucleus),  and  fuses 
with  it  (0.  HEExn-iG,  Bahbeke,  Born).  In  Mammals  the  fertilisa- 
tion takes  place  in  the  beginning  of  the  oviduct.  Evidence  has  also 
been  produced  in  their  case  that  after  the  liberation  of  the  polar 
cells  two  nuclei  are  temporarily  to  be  seen  in  the  egg-cells,  and  that 
these  unite  in  the  centre  of  the  egg  to  form  the  cleavage-nucleus 
(van  Bkneden,  Tapani). 

This  is  the  proper  place  in  which  to  mention  briefly  the  so-called 
mioropyle.  In  many  animals  (Arthropods,  Fishes,  etc.)  the  eggs  ars 
enclosed  before  they  aro  fertilised  in  a  thick  firm  envelope,  which 
ie  impenetrable  for  spermatozoa.  Now,  in  order  to  make  fertilisation 
possible,  there  are  foun<1  in  these  cases  at  a  definite  place  on  the  egg- 
Ivembrane  sometimes  one,  sometimes  several,  small  openings  (micro- 
dee),  at  which  the  spermatozoa  accumulate  in  order  to  glide  into 
Flhe  interior  of  the  egg. 

The  egg  of  Nematodes  has  for  several  years  rightly  played  an 
important  role  in  the  literatiu-e  of  the  process  of  fertilisation.  But 
this  is  especially  true  for  the  egg  of  the  Maw-worm  of  the  Horse 
(Ascaris  megalocephala),  which  van  Bbnedbn  has  made  the  subject 
of  a  celebrated  monograph.  It  is  an  excellent  object,  in  so  far 
it  not  only  can  be  had  for  study  everywhere  and  at  all  seasons  of 
tba  year,  but  also  allows  one  to  follow  step  by  step,  in  the  moat 
Accurate  manner,  the  penetration  and  subsequent  fate  of  the  sper- 
tnatozoon.  Since,  moreover,  the  process  of  fertilisation  in  Ascaris 
megalocephala  presents  many  peculiarities  in  its  details,  nn  extended 
|ffesentation  of  them  is  both  warranted  and  desirable. 

In  the  case  of  this  Worm ,  in  which  the  sexes  are  separate  individuals, 
there  isaco]>ulation,  and  tlieferttli.sationof  the  egg  takes  place  within 
the  sexual  passages  of  the  female.  In  one  region,  which  is  expanded 
into  a  kind  of  uterus,  mature  spermatic  bodies  are  met  with  in  great 
numbers.     Tlie  appearance  of  these  differs  greatly  from  that  which 
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the  male  seminal  elements  ordinarily  present  in  the  animal  kingdom : 
for  they  are  apparently  motionless ;  are  comparable  in  form  to  a  cone, 
a  conical  ball,  or  a  thimble  (fig.  21) ;  and  consist  in  part  of  a 
granular  substance  {b),  in  part  of  a  homogeneous  lustrous  substance 
(/),  and  of  a  small  spherical  body  of  nuclear  substance  (Jc),  which  is 
imbedded  in  the  granular  substance  at  the  base  of  the  cona 

When  the  small  naked  eggs  enter  into  the  region  designated  as 
uterus,  fertilisation  takes  place  at  once.  One  spermatic  body,  which 
can  execute  feeble  amoeboid  motions  with  its  basal  end  (Schneideb), 
attaches  itself  to  the  surface  of  the  yolk  (fig.  22  ek).  Where  contact 
with  the  egg  first  takes  place,  there  is  formed,  exactly  as  in  the 
Echinoderms,  a  special  cone    of  attraction.     Here  the  spermatic 

body,  without  essential  change  of  form,  gradually 
glides  deeper  into  the  yolk,  until  it  is  completely 
enclosed  therein  (fig.  23). 

While  the  two  sexual  products  are  thus  externally 
fused,  the  egg  itself  is  not  yet  ripe,  because  it  still 
Hf.  21.— 8p«niuktio  possesses  the  germinative  vesicle  (fig.  22  kb),  but 
mtf  aiooephau,  ^^  ^^^  promptly  begins  to  enter  upon  the  matura- 
after  van  Bene-  tion  stage  by  preparing  to  form  the  polar  ceUs. 
k,  Nncieiu ;  6,  bnae  "^^  germinative  vesicle,  which  is  of  small  size  in 
of  the  cone,  by  the  caso  of  the  Maw-worm  of  the  Horse,  loses  its 
ment  to  the  egg  sharp  deUmitation  from  the  yolk,  moves  toward 
takei   pUoe;   /,       ^hat  surfaco  of  the  eee  which  is  opposite  to  the 

liutrona  robetanoe  °°  *  * 

renembiing  fat.  cone  of  attraction  (figs.  23,  24),  and  is  gradually 

converted  into  a  nuclear  spindle  (ap),  the  origin 
of  which  may  be  traced  upon  this  object  with  considerable  precision. 
The  most  important  part  of  the  process  consists  in  the  formation, 
out  of  the  chromatic  substance,  of  numerous  short,  rod-like  pieces 
(figs.  23,  24,  ch)f  which  form  directly  the  chromatic  elements  of 
the  spindle,  the  chromosomes  (Waldeyer).  As  in  the  case  of  the 
Echinoderms,  there  then  arise  at  the  surface  of  the  yolk  two  small 
polar  cells  (fig.  25  pz);  as  in  that  case,  a  vesicular  egg-nucleus 
(fig.  25  ei)  arises  from  the  half  of  the  second  polar  spindle  which 
remains  in  the  peripheral  portion  of  the  yolk. 

Meanwhile  the  spermatic  body  has  moved  farther  and  farther 
from  the  place  of  its  entrance  into  the  egg  (figs.  22,  23,  sk)y  and 
finally  comes  to  lie  in  the  middle  of  the  yolk  (fig.  24  sk),  approxi- 
mately in  the  position  occupied  by  the  germinative  vesicle  before  its 
migration  to  the  surface.  During  this  period  the  spermatic  body 
has  gradually  lost  its  original  form  and  its  sharp  delimitation  ;  out 


UATCIUTIOK  OF  TIIK   BOO,   JSD   PROCKSS   OF   FEBTILia^TION,        43 

F  ite  nuolew  substance,  which  was  described  na  a  small,  deeply 
stainalile  spherule,  there  arises  a  vehicular  nucleus  (fig.  25  sk),  which 
acquires  the  eame  size  and  condition  as  the  egg-nucleua. 


|.  tt,— Ab  ICC  of  Aieuii  B«faliwapLa]ji  jut  fHtiliMd.  ifliir  ri 
«ti   Bpwitutic  bod;,   witii  Qiii^lDm,   irhiah   hna  nulnro^   the  f^^K 
■pcnoitUd  body  ;  Lb,  (^mtimUYa  tniclo. 


vbloli  hiH  atiiien  ttvi 


Uu  tbu  Hut  of 
ap,  ptiUr  EpUidlD, 


After  the  rapid  and  continuoufl  accomplishment  of  these  processes, 
e  egg  of  tlie  Worm  usually  enters  on  a  longer  or  shorter  period  of 


<UtM* ;  ek,  D< 


^^^wt.  It  now  presents  (compare  fig.  25,  wliich  represents  a  stage 
already  further  developed)  at  its  surface  within  the  ritelline  mem- 
brane two  polar  cells  (pi),  and  in  its  interior  two  large  vesicular 

^^^jjiulflii   the  spermatic  nucleus  {»k)  and  the    egg-nudeus  (et),    the 
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latter  of  which  has  come  close  up  to  the  former,  without,  however, 
fusing  with  it.  A  union  of  the  male  and  female  nuclear  suhstanoes 
into  a  common  nuclear  figure  takes  place  in  the  case  of  the  Maw- 
worm,  when  the  process  of  egg-cleavage  is  heginning. 

The  processes  of  fertilisation  just  described  can  be  designated  as 
typical  for  the  animal  kingdom.  But  they  appear  to  recur  in  exactly 
the  same  manner  throughout  the  vegetable  kingdom  also,  as  has 
been  shown  by  the  thorough  investigations  of  Strasbubqer.  We 
are  therefore  in  a  better  position  now  than  formerly  to  advance  a 
theory  of  fertilisation  based  upon  an  important  array  of  facts  : — 

In  fertilisation  clearly  demonstrable  morphological  processes  take 
place.  Of  these  the  important  and  essential  one  is  the  union  of  two 
ceU-nudei  which  have  arisen  from  different  sexual  cells,  a  female  egg^ 
nucleus  and  a  male  spermatic  nucleus.  These  contain  the  fructifying 
nuclear  substance,  which  is  an  organised  body  and  comes  into  activity 
as  such  in  fertilisation. 

Recently  the  attempt  has  been  made  to  expand  the  fertilisation 
theory  into  a  theoTy  of  transmission.  Important  reasons  may  be  urged, 
as  appearing  to  indicate  that  the  fructifying  substance  is  at  the 
same  time  the  bearer  of  the  transmissible  peculiarities.  The  female 
ntuHear  substance  transmits  the  peculiarities  of  the  mother,  the  male 
nuclear  svhstance  the  peculiarities  of  thefalher,  to  the  nascent  creature. 
Perhaps  there  is  in  this  theory  a  morphological  basis  for  the  fact 
that  offspring  resemble  both  progenitors,  and  in  general  inherit  from 
both  equally  numerous  peculiarities. 

If  we  accept  these  two  theories,  the  nucleus,  which,  despite  its 
constant  presence,  previously  had  to  be  described  as  a  problematic 
structure  of  unknown  significance,  acquires  an  important  r61e  in  the 
life  of  the  cell.  It  seems  to  be  the  cellos  especial  organ  of  fertilisation 
and  transmission,  inasmuch  as  there  is  stored  within  it  a  substance 
(idioplasma  of  NXoeli)  which  is  less  subject  to  cell  metastasis. 

In  connection  with  the  consideration  of  the  process  of  fertilisation 
may  be  permitted  a  slight  digression  to  the  realm  of  pathological 
phenomena. 

As  follows  from  numerous  observations  in  both  the  animal  and 
vegetable  kingdoms,  in  tlte  normal  course  of  fecundation  only  a  single 
spermatic  filament  penetrates  into  an  egg,  when  the  encountering 
sexual  cells  are  entirely  healthy.  Bui  with  an  impaired  condition  of 
the  egg -cell,  superfetation  by  means  of  tioo  or  more  seminal  JUaments 
(polyspermia)  takes  place. 

Superfetation  may  be  produced  artificially,  if  by  way  of  experiment 
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mjnres  tbe   rrg);-uell.     ILis  may    be  iiccoiu])lishe(i   either   by 

J  it  wmponirily  to  a  lower  or  a  highei-  temperatnre,  and 

Ithus    producing   cold-rigor   or  heat-rigor,   or   by   uflectiiig  it   with 

Pcibemkal  reagcnU, — cldoroforming  it,  or  treating  it  with  moqihine, 

rBtrfchiiine,  nicotini',  quiiiine,  et^., — or  by  doing  violence  to  it  in  a 

I  nechanica]  way,  such  as  shaking  it.    It  is  interesting  t«  observe  how, 

with  all  of  these  means,  the  degree  of  soperfetation  i^i,  t«  a  eort.iin 

extent,  proportional  to  the  degi-ee  of  the  injury ;  how,  for  example,  a 

fOnaJl  number  of  spermatozoa  penetrate  into  eggH  which  have  been 

al^btly  affected  with  chloral,  whereajj  a  greater  number  penetrate 

I  thoee  which  havR  be^^n  more  strongly  narooti&ed. 

I      In  all  unfertilised  eggs  the  whole  course  of  development  beoomea 

[  abnormaL     But  whether,  as  claimed  in  Fol'b  hypothesis,  the  origin 

erf  double  and  of  multiple  organisms  is  referable  i-esp'ctively  to  the 

penetration  of  two  and  many  spermatozoa,  must  still  be  regarded  as 

doubtful.    Certainly  the  qnestion  guggeBt«d  richly  deserves  to  be  still 

more  thoroughly  tested  experimentally. 

History, — 11ig  f&cts  here  given  conourimi{(  the  theor;  of  teoondaLioti  are 
acquisitions  of  very  recent  times.  I'o  omit  the  older  hypotheses,  it  was 
.gCDcnll;  Bosiuned  up  to  the  jear  1873  that  the  spommliozoa  peaelraM  in  great 
the  subataocc  of  the  egg,  but  that  they  there  loae  their  activity 
become  dissolved  in  the  folk. 
I  sucoeeded  in  my  stud;  of  the  eggs  of  ToxopQeurte»  lividus  in  finding 
■n  object  in  ivhich  all  the  internal  phenomena  of  fertilisation  may  be 
determiaed  wicb  ease  and  oertaintv,  and  in  establishing  (l)thBt  inconsequence 
of  fertilisation  the  head  of  a  spermatic  Gloment  Barroniided  by  a  stellate  figure 
makes  iu  appearance  in  the  oortex  of  the  yolk,  and  is  metamorphosed  into  a 
small  oorpnscle,  which  I  called  spermatic  nodeos :  (2)  that  within  ten  minutes 
(gg-naclens  and  spermatic  nucleus  copulate ;  (3)  that  normatt;  fertilisation  is 
aocompllsbed  by  ottty  a  Hngle  spermatic  filament,  nbcri^as  in  palhologicatlj 
altered  eggs  several  apermatozoB  may  penetrate.  I  was  therefore  able  at  that 
ce  the  proposition,  that  fertilisation  depends  upon  Ihe  fusion  of 
two  soxnally  djffcreuliated  cell-nuclei. 

A  few  months  later,  VAK  BENEnEN  announced  tliat  in  the  case  of  Mammals 
le  segmentation-nucleus  arises  from  the  fusion  of  two  nuclei,— as  had 
isly  been  observed  by  AoEBBACHund  BDtsciili  in  the  case  of  numenms 
objects, — and  expressed  the  coDjucture  that  one  of  them,  which  has  at 
peripheral  position,  might  in  part  result  from  the  substance  of  the 
irmatoioo,  which,  in  great  aumbcre,  as  be  moinlained,  fuse  and  become 
ingled  with  the  cortical  portion  of  the  yolk.  An  advance  was  sood  afl«r 
made  b:^  Fol,  who  investigated  with  the  greatest  detail  the  eggs  of 
lodeims  at  the  very  moment  of  the  penetration  of  a  spermatic  Slament 
the  egg,  and  discovered  the  formation  of  a  oone  of  attraction,  Hince 
it  has  been  eBtablisheii  by  means  of  numerous  researohes  (those  of 
.BNKA,  FoL.  Hertwio,  Calberla,  Kuppfbb,  Nubsbaoh,  vam  Bsbbdbn, 
IBBTH,   Kleumikg,  Zacuabias,   Boveki.  1'latneb,  Tafani,  BOim,  and 


^  acqui 

^BMtdl 
^      I  I 


46  EMBRYOLOGY. 

others)  that  in  other  objects  also,  and  in  other  branches  of  the  animal  kingdom, 
the  processes  of  fertilisation  take  place  in  essentially  the  same  manner.  At 
the  same  time  the  comprehension  of  the  processes  of  fertilisation  was 
essentially  advanced,  especially  by  the  works  of  van  Beneden  on  the  egg 
of  Ascaris  megalocephala,  to  which  have  been  added  the  important  investiga- 
tions of  BovEBi  and  others  on  the  same  object.  Stbasbuboeb  has  established 
in  a  series  of  excellent  researches  the  identity  of  the  processes  of  fertilisation 
in  the  animal  and  vegetable  kingdoms. 

Finally,  the  phenomena  of  fertilisation  were  utilised  simultaneously  by 
Stbabbubqeb  and  myself  for  the  foundation  of  a  theory  of  heredity,  in  our 
endeavor  to  prove— what  others  (Kebeb,  Haeckel,  Hasse)  had  previously 
expressed  as  a  conjecture — that  the  male  and  the  female  nuclear  substances 
are  the  bearers  of  the  peculiarities  which  are  transmitted  from  parent  to 
offspring.  KOlliker,  Roux,  Bah  beke,  Weismann,  van  Beneden,  Boveri, 
and  others  have  since  expressed  themselves  in  a  similar  manner. 


Summary. 

1.  At  maturation  the  germinative  vesicle  gradually  rises  to  the 
animal  pole  of  the  egg,  and  thereby  undergoes  a  regressive  meta- 
morphosis (degeneration  of  the  nuclear  membrane  and  the  fibrous 
network,  mingling  of  the  nuclear  fluid — Kemsaft — with  the  proto- 
plasm). 

2.  A  nuclear  spindle  (polar  spindle  or  direction-spindle)  is  de- 
veloped out  of  remnants  of  the  germinative  vesicle,  principally, 
indeed,  out  of  the  substance  of  the  germinative  dot,  which  breaks 
up  into  chromosomes. 

3.  At  the  place  where  the  spindle  encounters  the  surface  of  the 
yolk  with  one  of  its  ends,  there  are  formed  two  polar  cells  or  direction- 
bodies  {Riehtungakijrper)  by  means  of  a'  process  of  budding,  which  is 
repeated. 

4.  At  the  second  budding,  half  of  the  nuclear  spindle  remains  in 
the  cortex  of  the  yolk,  and  is  metamorphosed  into  the  egg-nucleus 
The  egg  is  then  rij^e. 

5.  In  the  case  of  eggs  which  develop  parthenogenetically  (Arthro- 
poda),  ordinarily  only  one  polar  cell  is  formed. 

G.  At  fertilisation  only  a  single  spermatozoon  penetrates  a  sound 
egg  (foi*mation  of  a  c6ifie  d!attractiony  detachment  of  a  vitelline  mem- 
brane). 

7.  The  head  of  the  spermatozoiin  is  converted  into  the  spermatic 
nucleus,  around  which  the  neighbouring  protoplasmic  particles  are 
radially  arranged. 

8.  Egg-nucleus  and  spermatic  nucleus  migrate  toward  each  other, 
and  in  most  inbtances  immediately  fuse  to  form  the  segmentation- 
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I  nucleus ;  in  nuiDy  objects  they  remain  for  a  contiideriible  time  nt^ar 
f  each  otlier,  but  not  unitfid,  and  only  later  are  together  inetumorphofied 
I  into  the  Begmentation- spindle. 

9.  In  some  ammols  fprtiliwition  of  the  fgg  takfH  place  only  after 
I  completion  of  its  maturatiou,  but  in  others  it  is  inaugurated  at  the 
t  very  beginning  of  maturation,  so  that  the  two  phenomena  overlap 
I  each  other. 

10.  Fertilitation  theory.  Fertilisation  depends  on  the  copulation 
I.  of  two  wU-Quclei,  which  ore  derived  from  a  male  cell  and  a  female 
|oeU. 

11.  Theory  of  heredity.  The  male  and  female  nuclear  sutetanceB 
I  contained  in  the  spermatic  nucleus  and  the  egg-nucleus  Eire  the 
1  bearers  of  the  pecoliarities  which  are  transmiBBible  from  parents  to 
f  tiieir  offspring. 
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CHAPTER  in. 
TBS  PROCESS  OF  CLEAVAGE. 


PBKTtLiBATiON  IB  in  TOOst  instaupes  immediately  followed  by  further 
development,  which  begins  with  tlie  divi.sion  of  the  egg-cell— the 
ample  elementary  organism — into  an  ever-incroasing  number  of 
email  cells — the  process  of  cleavage.  We  shall  begin  the  study  of 
cleavage  with  a  very  simple  case,  and  here  also  choose  ax  a  foundation 
for  the  presentation  of  the  snbjwit  the  egg  of  an  Ecbinodenii  and 
the  egg  of  the  common  Ascaris  of  the  Horse. 

In  the  living  egg  of  the  Echinodenn  the  cleavage- nucleus  (fig,  2fi 
/k),  which  ai'ose  from  the  fusion  of  egg-nucle«a  and  spermatic 
nucleus,  ia  at  fii^^t  spheroidal,  and  lies  exactly  in  the  middle  of  the 
egg,  where  it  forms  the  centre  of  a  radiation  which  affects  the 
vhole  yolk-mass;  but  it  soon  begins  to  be  slightly  elongated,  and 
[at  the  same  time  to  become  less  and  less  distinct,  so  that  with  the 
iving  object  one  might  be  misted  into  assuming  that  it  had  been 
completely  dissolved.  Before  this,  very  regular  changes  in  the  dis- 
-trihtition  and  nrmngement  of  the  protoplasm  around  the  nucleus 
have  taken  place.  The  monocentric  radiation  renulting  from  fer- 
.tion  is  divided.  The  two  newly  formed  radiations  thereupon 
iDOve  to  the  polee  of  the  elongated  nucleus.  At  tirst  small  and  in- 
pignificant,  they  rapidly  extend,  and  finally  each  occupies  a  half  of 
tlie  egg  (fig.  37),  and  the  mys  of  the  two  systems  meet  at  a  sharp 
Rngle  in  the  median  plane  of  the  egg. 

Just  in  proportion  as  the  two  radiations  become  more  distinct, 
there   arises,  within    the  granular  yolk,  as  the  starting-point  and 
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centrt  of  the  radiations,  a  figure,  which  may  be  approi^«j  ™-.- 
pared  (fig.  27)  with  a  dumb-bell.  It  arises  by  the  aocumulation  of  a 
large  nmount  of  homogeneous  protupliisin  around  the  poles  of  the 
elongating  nucleus,  forming  the  two  ends  of  the  dumb-bell;  the 
poles  may  be  regarded  as  if  they  were  two  centres  of  attraction. 
The  non-gi'anular  streak,  representing  the  handle  of  the  dumb-bell, 
is  the  nucleus,  which  has  meanwhile  undergone  a  peculiar  metamor- 
phosis and  has  become  indistinct. 

A  more  accurate  knowledge  of  the  nuclear  metamorphosis  may  be 
got  by  employing  suitable  reagents  and  dyes.  By  means  of  inter- 
mediate stages,  which  may  be  disregarded  here,  there  artsee  out  of 
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71^  IT    In  if  a  BM-iinluD  immtdUtelr  4ft«r  th»  congluiM  «l  tnViluSan.  ft,  Cleancv. 

tlf.  tr.— Xft  "I  *■  BH-inUB  In  pnpuiIiiHi  tor  diTiiion.  Tbt^  Dudnoi  i>  Da  I'lagcr  la  bi  «ii ; 
BoUi  tfium  uu  drawn  [tam  Uii>  liiing  ob|«it. 

the  vesicular  nucleus  the  nuelear  gjdjidle  (fig.  31  B),  which  is  a 
typical  structure  for  cell-divi.'don  throughout  the  organic  world. 
This  (*p)  couflist.'i  of  two  substances,  both  of  which,  in  my  opinion, 
are  derived  from  the  quiescent  condition  of  the  nucleus — namely, 
(1)  of  a  non-chrftmrUic  titbslanet,  which  does  not  show  affinity  for  any 
dyes,  and  (2)  of  the  stainable  nuelein  ov  ehrorittuin.  The  non-chromatic 
Bubst:ince  forms  extraordinaiily  fine,  and  tlierefore  at  times  scarcely 
discernible,  "  apindle-Jibreii"  which  are  united  into  a  bundle,  and 
give  rise  to  a  spindle  by  the  convergenceof  their  ends  to  points.  The 
chromatin,  on  the  contrary,  has  assumed  the  foim  of  small  individual 
granules  or  chromosomes,  which  correspond  in  number  with  the 
spindle- fibres,  and  are  so  arranged  that  each  granule  adjoins  a 
spindle-tibre  at  its  middle  point.  In  its  totality,  therefore,  it  con- 
stitutes at  the  middle  of  the  spindle  a  plat«  composed  of  individual 
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gmmilee— the  mtclear  plate  of  Steasburgeb.  That  which  in  the  case 
of  the  Sea-urchin  ordinarily  sppeai-s  as  a  chromatic  granule  is  found, 
upon  the  employment  of  the  highest  magnifying  powers, — but 
especially  in  the  study  of  objects  (fig.  28  J)  more  suitable  for  this 
purpose, — to  be  a.  small  V-shaped  loop.  Thft  number  of  the  loops  or 
cihromofiomee  appears  to  be  very  definite,  and  subject  to  law  for  each 
species  of  animiil. 

At  the  tips  of  the  spindle  there  may  be  demonstrated,  in  addi- 
tion, two  special  and  exceedingly  minute  bodies,  one  of  which 
occupies  the  exact  centre  of  each  of  the  two  previously  mentioned 
(lystems  of  rays;  they  ai-e,  in  fact,  to  be  regarded  us  the  causa  of  the 
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latter.  Inasmuch  as  during  the  elongation  of  the  nucleus  they  are 
to  be  found  at  each  of  its  two  polee,  they  may  be  especially  designated 
AS  jwlar  corpuscla  [or  centroiomeg].  During  the  whole  process  of  the 
division  of  nucleus  and  cell-body,  it  appears  as  though  a  directing 
infuence  belongs  to  the  two  polar  corpuscles. 

Important  changes  in  the  nuclear  loops  of  the  spindle  take  place 
daring  later  stages  of  the  process  of  division.  Each  loop  is  split 
kngthwise  into  two  daughter-loops  (fig.  28  A),  as  discovered  by 
Fluuuko  and  as  confirmed  since  then  by  numerous  other  investi- 
gators (Stbaseil'koer,  Heuser,  van  Beneden,  Rabl,  and  others). 
^Hieee  daughter-loops  soon  move  apart  toward  the  opposite  ends  of 
^e  spindle  (figs.  28B,C;  see  also  the  explanation  of  the  figures),  and 
approach  very  closely  to  the  polar  corpuscles  at  their  tips  (fig.  28  D). 

Thus  by  a  complicated  process  a  division  of  the  stainable  nuclear 
■afastance  into  atmilar  halves  is  brought  about.     As  the  immediate 
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(xini«queDc«  uf  this  the  protoplssmic  parbi  of  the  cell  alao  begin  aI 
thiH  time  to  bu  divided  into  halves  bj'meansof  theprooeeB  of  cleavkge, 
which  is  already  recognisable  eztemaUy.  There  is  formed  &t  the 
mirface  of  the  egg  (fig.  29  J),  iu  a  plane  pansiag  between  the  two 
groups  of  loups  through  the  middle  of  the  spindle  perpendicDlar 
to  its  loDg  KxLf,  H  circular  furrow,  which  rapidly  cute  deeper  and 
deeper  into  the  substance  t4  the  egg,  and  in  a  short  time  divides 
it  into  two  equal  parts.     Each  uf  these  contains  half  of  the  Bi»ndle 


with  lialf  of  the  Iooim,  half  of  the  dumb-bell,  and  a  protoplasnuG 
radiation. 

The  resulting  halves  of  the  egg,  still  surrounded  in  common  by  the 
vitelliue  membrane,  then  closely  apply  to  each  other  the  surfaces 
resulting  from  the  division,  and  become  so  flattened  that  each  one  of 
them  forms  approximately  a  hemisphere  (fig.  29  £).  Internally, 
however,  nucleus  and  protoplasm  enter  upon  a  brief  transitory  resting 
stage.  Tliere  is  developed  out  of  the  half  of  the  nuclear  spindle 
with  its  daughter-loops  a  ve^iicular  homogeneous  daughter-nucleus 
like  the  first,  but  in  the  protoplasm  the  radial  arrangement  becomes 
less  and  loss  distinct  and  at  last  entirely  disappears. 

The  egg  of  tlie  common  Maw-worm  of  the  Horse  is  also  a  very 
iriHtructive  object  fur  the  study  of  the  process  of  cleavage,  as  it  was 
for  the  study  of  fertilisation,  for  it  allows  a  still  deeper  insight  into 
thb  process.     As  has  already  been  stated,  the  egg-nucleus  and  the 
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nacleos  remain  for  a  time  separato,  even  aft«r  they  have 
^pratehed  each  other.  After  a  brief  period  of  rest  both  of  them 
bef^  to  exhibit  tdmnltaoeously  the  changes  whicli  precede  the  for- 
mation of  the  nuclear  spiudlo.  In  each  the  chromatic  substauce  is 
metamorphosed  iuto  a  fine  thread,  which  ia  arranged  withui  tlie 
unclear  membrane  in  numerous  winding  Elach  filament  is  there- 
apoD  divided  iuto  two  equallj  large  coiled  loops,  the  chroma^meH 
(fig.  25  cA).  Now  the  two  vehicular  nuclei  lose  their  delimitation 
from  the  Kurrounding  yolk,  in  which  tliere  ariae  at  a  httle  distance 
from  each  other  twu  polar  corpuscles  [centrosomes],  surrounded  by  a 
^stem  oE  rays,  which  is  at  lirst  faint,  but  subsequently  becomes 
more  distinct.  Between  the  two  centroaomex,  the  method  of  whose 
development  no  one  has  as  yet  succeeiled  in  olweiring,  there  ai* 
formed  spindle- fibres,  and  the  four  loops  (chromoaomee),  set  free  by 
the  dissolution  of  the  two  nuclear  mombrnne^  so  arrange  tbemwlves 
thnt  they  lie  upon  the  outside  of  the  spindle  at  its  equator. 

In  the  case  of  the  egg  of  the  Mnw^worm,  therefore,  the  union  of  the 
two  sexual  nuclei,  which  termiuates  the  act  of  fertilisation,  takes 
place  only  at  the  time  of  the  metamorphosis  to  form  the  cleavage- 
spindle,  in  which  metamorphosis  they  take  an  equal  share.  Inconse- 
quence of  this  remarkable  deviation  from  the  ordinary  course  of  the 
process  of  fertilisation,  van  Beheden  haa  been  able  to  establish  the 
Ut««8ting  and  imjiortant  fact  that  half  of  the  chromosomes  of  the 
firet  cleavage-spindle  are  Uorived  from  the  egg-nucleus,  and  half  from 
the  spermatic  nucleus,  aud  that  cousetjuently  they  may  be  distin- 
gniahed  as  female  and  mole  chromosomes.  Since  in  this  instance,  just 
as  in  nuclear  division  ordinarily,  the  foui*  loops  are  split  lengthwise 
and  then  move  apart  toward  the  two  polar  corpuscles  (centrosomes), 
there  01*0  formed  two  groups  of  four  daughter- loops  each,  of  which 
two  are  of  male  origin  aud  two  of  female.  Each  group  is  then  meta- 
morphosed into  tlie  quiescent  nucleus  uf  the  daughter-cell.  This 
furutshes  incontestable  proof,  that  to  eaeit  daughter-imcUut  in  awA 
hai/o/lAe  egg,  which  arUee  aa  tlie  reatill  0/  the  Jiml  cleavaye,  there  U 
trantniitUd  ttxactij/  tlt«  same  anwarU  of  chromatic  suhaUtrux  frirm  tlie 
ifro7n  the  epermatic  mioleua. 

The  first  divUion  is  foUowad  after  a  bi-ief  period  of  rent  by  the 
id,  this  by  the  third,  the  fourth,  etc.,  during  which  are  rejieuted 
tuime  series  of  clianges  in  nucleus  and  protoplasm  that  have  just 
been  described.  Thus  in  quick  succession  the  2  first  daughter- cells 
are  divided  into  4,  these  into  H,  16,  32,  64,  etc.  (fig.  30),  until 
there  has  resulted  a  large  spheroidal  mass,  which  has  received  the 


Y      there  has  ; 
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name  mortiia  or  7tmibtrri/~iphere,  because  the  oella  protrude  as  smaU 
elevationa  at  ittt  surface. 

During  the  second  and  third  stages  of  cleavage  there  is  eanl; 
reoogniaable  a  rigidly  observed  order  in  the  direetion  vihie/i  Ae  j^ansi 
of  deaoage  «u«tom  to  each  other.  The  second  plane  of  cleavage  always 
halves  the  firet  and  cute  it  perpendicularly ;  the  third  plane,  again,  is 
perpeadicular  to  the  first  two,  and  paaaee  through  the  middle  of  the 
aais  formed  by  their  intersection.  If  one  r^ards  the  ends  (S  tbia 
axis  as  the  poles  of  the  egg,  the  first  two  planes  of  division  may  bo 
designated  as  meridional,  the  third  as  equatorial. 

This  uniformity  is  caused  by  the  mutual  relation  which  subsiBts 
between  nucleus  and  protoplasm,  in  which  connection  the  two  follow- 
ing laws  are  to  be  noted  :  (1)  The  plane  of  divUion  aluayi  otUe  the 
axil  of  the  tpindle  perpeadieularlt/  at  it»  fenlre.     (2)  The  poeitum  of 

•       ^^^    ^^^ 

(A<  axie  of  the  nudear  tpindle  in  turn  d^tendt  wt  the  form  and  differ' 
entiation  of  the  pratopUumie  body  which  envelopt  it,  and  in  tueh  a 
manner  that  the  two  poke  of  the  nwUeue  take  the  direction  of  the  greateel 
protoplaemic  maseee.  Thus,  for  example,  in  a  sphere  iu  which  the 
protoplasm  is  uniformly  distributed,  the  centrally  situated  spindle 
may  come  to  he  in  any  radius ;  but  in  an  ovoid  protoplasmic  body, 
only  in  the  longest  diameter.  In  a  circular  protoplasmic  disc  the 
nuclear  axis  lies  parallel  to  it«  surface  in  any  diameter  whatever  of 
the  circle,  but  in  an  oval  disc,  as  before,  in  the  longeet  diameter 

Let  UH  return  now,  after  these  general  remarks,  to  the  case  under 
consideration.  Each  daughter-cell  forma  at  the  close  of  the  first  seg- 
mentation a  hembphere.  According  to  the  rule,  the  daughter-spindle 
cannot  assume  a  position  perpendicular  to  the  fiat  surface  of  the 
hemisphere,  but  must  lie  paraOel  ta  it,  so  that  a  division  into  two 
quadrants  must  result.  At  the  next  segmentation  the  axis  of  the 
spindle  nuist  coincide  with  the  long  axis  of  the  quadrant,  whereby 
this  becomes  divided  into  two  octants. 
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Tliere  are  Bome  important  deviations  from  the  pi'oceas  of  diiiHioL 
I  just  described,  which  affect  the  form  of  the  ckavage  products,  although 
I  lea\-ing  unaltered  the  finer  processes  relating  to  the  nucleus.  The 
[  deviHtions  are  induced,  as  we  shall  kIiow  moi-e  in  detail  in  the  in- 
I  dividual  cases,  by  the  Tariation  in  the  amount  of  deutoplaam  contained 
I  in  the  eggs,  and  by  the  previously  deeci-ibed  cariability  in  itu  distribu- 
Ition.  One  may  appropriately  sepaiate  the  various  forms  of  the 
KfTOcess  of  cleavage  int-o  two  classes,  and  each  class  into  two  snh- 
,  although  the  forms  mei^  into  one  another  by  means  of 
I  transitional  conditions. 

To  the  first  cla-sH  we  assign  such  eggs  as  are  completely  divided 
I  into  segnienU  by  the  process  of  cleavage.  The  cleavage  itself  we 
■{dtsigtiate  as  toUU  ]  and  according  as  the  segments  are  of  equal  or  un- 
we  distinguish  as  subdiviaons  egual  cleavage  and  wneqval 
»vage. 

With  total  is  contrasted  partial  cleavage.  This  occurs  in  the 
)  of  eggs  which  are  prorided  with  very  ubundiint  deutop!a«m, 
and  are  consequently  of  considei-able  sise,  and  in  which,  at  the  same 
time,  the  previously  described  separation  into  formative  yolk  and 
nutritive  yolk  has  been  distinctly  established.  In  this  case  the  for- 
mative yolk  alone  undergoes  a  proce&t  of  cleavage,  whereas  the  chief 
mass  of  the  egg,  the  nutritive  yolk,  remains  undivided,  and  in  general 
unaffected,  by  the  processes  of  embryonic  development ;  hence  the 
name  partial  cleavage.  This,  in  turn,  is  resolvable  into  the  two  sub- 
types of  diacoidal  and  guperficial  cleavage,  according  as  the  forma- 
tive yolk  reste  aa  a  disc  upon  the  nutritive  yolk,  or  envelops  the 
Utt«r  as  a  thick  cortical  layer.  Reuak  has  designated  eggs  with 
total  segmentation  aa  holoblaMtc,  those  with  partial  srgmi'ntntion  as 

We  may  therefore  present  the  following  scheme  of  cleavage  : — 

I.  TVPK— 

Total  cleavnge: 

(a)  Equ&t  cleavage 

(b)  L'QeqiuU  cleavnge 
[  IL  TrPB— 

Partial  cleavage : 

(a)  Dlscoldiil  (tleavage 

(b)  guporflcial  deuvugo     j 

I*'  Equal  Cleavage. 
In  the  general  coiiBideration  of  the  proiv'ss  of  cleavage  we  have 
idy  become  acquainted  with  the  phenomena  of  equal  segmenta- 


Uoloblastiu  eggs. 


Mcroblnstic  eggs. 
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tion.  It  remaiiis  to  be  added  to  what  has  been  previously  said,  that 
this  type  is  most  frequent  in  the  case  of  Invertebrates,  and  is  to  be 
encountered  among  Vertebrates  only  in  the  cases  of  Amphioxus  and 
Mammals.  With  the  latter,  however,  there  early  appears  a  slight 
differenoe  in  the  size  of  the  segments ;  this  has  induced  many 
investigators  to  designate  the  cleavage  of  Ampliioxus  and  Mammals 
as  unequal  also.  If  I  have  not  followed  this  suggestion,  it  ia 
because  the  differences  are  of  a  trivial  nature,  because  the  nndeoB 
in  the  egg-cell  and  also  in  its  segments  still  occupies  a  central 
position,  and  because  the  different  methods  of  cleavage  are  in 
general  not  sharply  definable,  but  connected  by  transitional  con- 
ditions. 

Concerning  Amphioxus,  Hatschek  states  that  at  the  eight-cell  stage 
four  smaller  and  four  larger  cells  are  to  be  distinguished,  and  that 
from  that  time  forward  in  all  the  subsequent  stages  there  is  to  be 
observed  a  difference  in  size,  and  tliat  the  process  of  cleavage  takes 
place  in  a  manner  similar  to  that  which  will  be  subsequently 
described  for  the  Frog's  egg.  The  egg  of  the  Rabbit,  concerning 
which  we  have  the  painstaking  investigations  of  van  BENBDm, 
divides  at  the  very  outset  into  two  segments  of  slightly  diffisrent 
size ;  moreover,  from  the  third  stage  of  division  onward  there  occurs 
a  differenoe  in  the  rapidity  with  which  the  divisions  follow  each 
other  in  the  different  segments.  After  the  four  cleavage-spheres 
have  been  divided  into  eight,  there  is  a  stage  with  twelve  spheres ; 
this  is  followed  by  another  with  sixteen,  and  afterwards  another  with 
twenty-four. 

F>.  Vneqnal  Cleavage. 

As  a  basis  for  the  description  of  unequal  cleavage  we  may  employ 
the  Amphibian  egg,  the  structure  of  which  has  already  been  con- 
sidered. As  soon  as  the  egg  of  the  Frog  or  Triton  is  deposited  in 
the  water  and  is  fertilised,  and  while  the  gelatinous  envelope  is 
swelling  up,  its  black  pigmented  hemisphere  or  animal  half  becomes 
directed  upward,  because  it  contains  more  protoplasm  and  small 
yolk-spherules,  and  is  npeciiically  lighter.  The  want  of  uniformity 
in  the  distribution  of  the  vaiious  components  of  the  yolk  also  induces 
an  altered  position  of  the  segmentation-nucleus.  Whereas  the  latter 
assumes  a  central  position  in  all  cases  in  which  the  deutoplasm  is 
uniformly  distributed,  it  invariably  alters  its  location  whenever 
one  half  of  the  egg  is  richer  in  deutoplasm  and  the  other  richer  in 
protoplasm ;  it  then  migrates  into  the  more  protoplasmic  territory. 
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>  of  tb«  Frog't)  i-gg,  coDiJaqueatly,  wu  find  it  in  the  black 
i  h«mis|ibere,  which  is  turned  upward, 
in  Uiia  oasa  the  nocleiis  prepitres  to  divide,  its  axis  can  no 
mine  the  position  of  any  and  every  radius  of  the  egg.  In 
)  of  the  want  of  uniformity  in  the  distribution  of  the 
protopltufm,  the  nucleus  comes  under  the  influence  of  the  more 
protoplBStjiic  pigmented  part,  which  resU  on  the  more  deutopUsmic 
portion  hke  an  inverted  cup,  and,  un  account  of  its  le^  specific 
gravity,  floats  at  the  surface,  and  is  spread  out  horizontally.  But 
in  a  horisontal  protoplasmic  disc  the  nuclear  spindle  comes  to  occupy 
ft  horizontal  position  (fig.  31  A  ap).  Conaequently  the  plane  of 
divisioo  must  be  formed  in  a  vertieal  direction.     A  small  furrow  now 


of  tiu  diiUiB  af  th«  1^1  in. 

itdiTiiioL    X,  atigacif  Lfai  UiinldliiMun,    TUu  fmii 
on  an  br^inninK  tci  bt  divided  bf  ui  flqnntuTljd  fuFti> 

in  pTatDldHUi ;  d,  ihn  |mit  whieb  ii  debet  in  ddiilopiaaD) ;  af,  nual« 


begins  to  show  itself — at  the  animal  {x^le  first,  because  the  latter  is 
more  under  the  influence  of  the  nuclear  Hpindle,  which  lies  nearer 
to  it,  and  because  it  contains  more  [irotoplasm,  from  which  proceed 
the  phenomena  of  motion  during  division.  The  furrow  gradually 
deepens  downward,  and  cuts  through  t«  the  vegetative  pole. 

By  the  first  act  of  division  we  get  two  hemispheres  (fig.  32  '),  eouli 
of  which  is  composed  of  a  quadrant  richer  in  protopliu'^m  and  directed 
upward,  and  another  poorer  in  jiroto^asm  and  diiected  downward. 
By  thif  means  Ixith  the  position  of  the  nucleus  and  the  direction  of 
its  uds  are  again  determined,  when  it  pi-upares  fur  tlie  second 
division.  According  to  the  rule  previously  laid  down,  the  uuuluus  is 
to  be  sought  in  the  quadrant  which  contains  the  more  protoplasm  ; 
the  axis  of  the  spindle  must  take  a  position  poratlel  to  the  long 
^uis  of  the  quadrant,  ar.d  must  therefore  come  to  lie  horizontally 
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The  second  plane  of  division  is  consequently,  like  the  first,  vertical, 
and  cuts  the  latter  at  right  angles. 

After  the  conclusion  of  the  second  segmentation  the  Amphibian 
egg  consists  of  four  quadrants  (fig.  32  ^),  which  are  separated  from 
one  another  by  vertical  planes  of  division  and  possess  two  diagimiliLr 
poles,^-one  richer  in  protoplasm,  lighter,  and  directed  upwards ;  the 
other  richer  in  yolk,  heavier,  and  directed  downwards.  In  the  case  of 
equal  segmentation  we  saw  that  at  the  stage  of  the  third  segmentation 
the  axis  of  the  nuclear  spindle  becomes  parallel  to  the  long  axis  of 
the  quadrant.  The  same  thing  occurs  here  also,  although  in  a  some- 
what modified  manner.  On  account  of  the  greater  accumulation  of 
protoplasm  in  the  upper  half  of  the  quadrant,  the  spindle  cannot,  as 


i6 


Fif.  8S.— OleaTftc*  of  Kana  temporarut,  after  Ecker. 

The  numbers  placed  above  the  figures  indicate  the  number  of  segments  present  in  the  corre- 
sponding stage. 

in  the  case  of  equal  segmentation,  lie  in  the  middle  of  it,  but  must 
lie  nearer  to  the  animal  pole  of  the  egg  (fig.  SI  B  sp).  Moreover,  it 
is  exactly  vertical,  because  the  four  quadrants  of  the  Amphibian  egg 
are  definitely  oriented  in  space  on  account  of  the  difference  in  specific 
gravity  of  their  halves.  In  consequence  of  this  the  third  plant 
of  division  must  he  horizontal,  and  must  also  lie  above  the  equator  of 
the  egg-sphere  more  or  less  toward  its  animal  pole  (fig.  32^).  The 
segments  are  very  unlike  both  in  size  and  composition ;  and  this  is 
the  reason  why  this  form  of  segmentation  has  been  called  unequal. 
The  four  upper  segments  are  smaller  and  contain  less  yolk,  the  four 
lower  ones  are  much  larger  and  richer  in  yolk.  They  are  also 
distinguished  from  each  other  tis  animal  cells  and  vegetative  cells, 
according  to  the  poles  near  which  they  lie. 

In  the  course  of  further  development,  the  distinction  between 
animal  and  vegetative  cells  constantly  increases,  for  the  richer  the 
cells  ai*e  in  protoplasm  the  more  quickly  and  the  more  frequently 


diatir. 
Lwlls, 
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diviile.  At  the  fourth  stup?  the  4  upper  segments  are  first 
divided  by  vertical  f  urrowa  into  8,  and  then  after  an  interval  the 
4  lower  ones  are  dividt>d  in  the  same  manner,  ao  that  the  egg  is  now 
flompoeed  of  eight  sroaller  and  tight  larger  cells  (6g.  32  ").  After 
Bhort  resting  stage  the  eight  upper  segmeuta  are  again  divided,  this 
le  by  a  horizontal  furrow,  and  somewhat  later  a  umilar  furrow 
the  eight  lower  segments  also  (fig.  32  **).  In  the  same 
ler  the  32  segments  are  divided  into  64  (fig.  32  **).  In  the 
t/tmg^  which  follow  this,  the  divisions  in  the  animal  half  of  the  egg 
■pe.  still  more  accelerated  relatively  to  those  of  the  vegetative  half. 
While  the  32  animal  cells  are  divided  into  128  segments  by  two 
divisions  which  follow  eooh  other  in  quick  succession,  there  are 
still  found  in  the  lower  h.^lf  only  32  colls  which  are  preparing 
for  cleavage.  It  thus  comee  to  puss  that,  as  the  final  result  of  the 
process  of  cleavage,  there  exists  a  spheroiilnl  ma-is  ofeella  with  entirely 
dvmtnilar  Aa/t'w,^an  npper,  animal  half  with  Rmall,  pigmented 
jietlls,  and  a  vegetative  half  with  larger,  clear  cells,  containing  more 
idant  yolk. 
From  the  nature  of  the  progress  of  unequal  cleavage,  as  well  as 
from  a  series  of  other  phenomena,  one  may  lay  down  a  general  law, 
first  formulated  by  Baltocii,  that  (As  rapidity  of  eteavage  U  pro- 
portumal  to  lh(  coneentnilion  of  pfoUyplamt  in  the  eegment.  Coila 
irhich  are  rich  in  protoplasm  divide  more  rapidly  than  those  in  which 
taotoplasm  is  more  scanty  and  deutoplasm  more  abundant. 
■  As  we  have  seen,  the  Frog's  egg,  by  reason  of  the  difference  in 
specific  gravity  lietween  its  animal  and  vegetative  halves,  by  reason 
of  the  heterogeneous  pigmentation  of  itjrj  surface,  liy  reason  of  the 
unequal  distribution  of  protoplasm  and  deutoplasm.  and  by  reason  of 
the  eccentric  position  of  its  nucleus,  allows  us  to  pas.s  fixed  and  easily 
determinable  axes  through  its  spherical  body.  On  this  aci»unt  it  is 
an  especially  favourable  object  upon  which  to  determine  the  question 
iriketber  the  egg  allows  one  to  recognise  in  the  position  of  its  parts, 
before  fertilisation,  immediately  after  the  same,  and  during  the 
of  cleavage,  fixed  relations  to  the  organs  of  the  fully  developed 
m.  This  question  has  been  tested  by  means  of  ingenious 
lents,  especially  by  Pflueger  and  Roux,  by  the  latter  in  hia 
Beitrage  zur  Entwieklungsmechaiiik  des  Embryo." 
These  have  reE«ult«d  in  determining  that  the  first  cleavage  plane  of 
egg  corresponds  t«  the  mediun  plane  of  the  embryo,  so  that  it 
Ltes  the  material  of  the  right  half  of  the  body  from  that  of  the 
Secondly,  according  to  Roux,  the  position  of  the  head-  and  tail- 
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The  layer  of  yolk  which  immediately  a-ljoina  the  periphery  ot  th« 
cellular  disc,  and  whic^h  is  very  finely  granular  and  especially  rich  in 
pHftopIaxm,  fitiU  merite  partionJivr  consideratM>n,  for  in  it  lie  isolated 
nuclei  (fig.  33  nx),  the  much'diiieuMtd  yolk-nudei  or  parablast-nuoUi 
(the  "  merocyteg  "  nf  RiicKKRT).  In  the  case  of  the  Chick  they  are 
leat  striking  than  in  Teleosts  and  Seliichiiins,  in  which  th«y  have 
been  accumbely  investigated  by  Balfouk,  Hoffmann,  UtcKERT, 
and  Kastbciienko.  Formerly  theso  were  held  to  arise  apontaneoualy 
(free  formation  of  nuclei)  in  the  yolk,  an  assumption  which  in  itself 
is  very  improbable,  ednce,  according  to  our  present  knowledge,  the 
free  formiition  nf   nuclei  does    not   appear   to  occur   anywhere  in 


n  thmich  the  gana-duo  of  ft 


either  animal  or  v^etable  kingdom.  Consequently  Ae  yolk-nuelei 
are  note  rightly  h«ld  to  be  derived  from  the  eluavage-nuohi.  T^hey 
are  probably  produced  even  at  an  early  period,  when  the  fiwt-formed 
segmental,  which  remain,  as  we  liave  seen,  for  a  long  time  in  connection 
with  the  yolk,  begin  to  lie  constricted  off  from  the  latter.  This 
probably  takes  plaice  in  the  following  manner:  there  arise  in 'the 
segments  nuclear  spindles,  the  hnlvea  of  which  go  into  the  completely 
isolated  embryonic  cells  at  the  time  of  their  separation  from  tha 
yolk,  while  the  remaining  halves  go  into  the  underlying  yolk-layer, 
and  are  there  converted  into  vesicular  yolk-nuclei. 

Their  number  subsequently  increases  by  means  of  indirect  division, 
as  JB  established  by  the  fact  that  in  sections  nuclear  spindles  have 
been  observed  in  the  yolk-layer  (fig.  35  lai). 

While,  on  the  one  hand,  there  U  an  increase  ira  the  number  of  the 
yolk-nuclei,  so,  on  the  otlier  liand,  Otere  is  aieo  a  diminution  in  lAeiT 
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is  Juseerted  by  iteveral  authora  (WAi.DEYEa,  Rvckebt, 
li^LFOUR,  etc.).  This  takes  place  hy  the  constricting  off  of  nuclei 
ltd  Hurroiinding  protoplasm,  which  go  to  ealurge  the  cellular  disc- 
W«  m«y,  with  Waldkyeh,  designate  thewi  aa  aeconiUinj  ofenuftpe-cella, 
uid  regard  the  whole  process  as  a  kiud  of  nipplemeiitarij  aegmtTUation^ 
By  meuiui  of  this  a  psj't  of  the  volimiiuoue  yolk>mat«rial  continues 
to  be  gradually  iudix'iduiilised  into  cells.  These  annex  themselves  to 
the  border  of  the  germ-dJHc,  which  witli  their  aid  increases  in  extent 
and  grows  over  a  continually  increasing  territory  of  the  unsegmented 
yulk-sphere.  In  still  later  stages  of  developuieiit,  long  after  the 
cellular  germ-disc  has  been  differentiated  into  tbo  gerin-hiyers,  the 
supplementary  segmeiitation  continues  to  go  on  at  the  margin  of  the 
disc  in  the  neighbouring  yolk-moss,  and  to  furniali  new  cell-material. 

»Tbertfore  the  layer  whuA  eiudoaes  the  j/otk-nudei  funiia  an  imporlanl 
pmiMCttrw/  liiik  betioecn  the  aegtnented  yerm  and  the  unnegnienteil 
nuJn'tiM  tfolk ;  I  shall  come  back  to  this  nubject  later. 
The  appearance  of  merocytes  and  the  supplementary  cleavage 
vhich  proceeds  from  them  are  phenomena  which  ai-e  induced  by  the 
net  accumulation  of  yolk-material,  and  which  allow  the  latter  to  be 
divided  up  into  cells,  even  though  the  process  is  a  alow  one. 

The  eggs  of  ttelachiauii  (Kastschenko,  RCckeht)  deviate  a  little 
from  the   usual    method  of  [NU'tial  cleavage  in  merobla^tic   eggs, 
laoner  which  recalbs  to  a  certain  extent  the  procesiKW 
\  mperficial    cleavage,  which   are   to   be  treated   of   later.      The 
lavage- nucleus,  namely,  is  divided  into  two  nuclei,  these  again 
^to  four  and  even  a  greater  number,  without  an  accompanying 
1  of  the  germ-disc  into  a  corresponding  number  of  segments. 
1  tiiiiB  case,  therefore,  there  arises  at  first  a  multinuclear  proto- 
plasmic mass, — a  plasmodium, — in  which  the  nuclei  are  distributed  at 
regular  intervals.     Subsequently  furrows  appear,  generally  in  great 
numbers  and  all  at  once,  by  means  of  which  the  germ<disc  becomes 
dirided  into  cells  from  the  centre  to  the  periphery.     Some  of  the 
«lei   always   remain    in   the  periphery  outside  the  territory  of 
ftde&vage,  here  undergo  further  division,  migrate  out  of  the  germ- 
wdttc  into  the  surrounding  nutritive  yolk,  and  constitute  the  yolk- 
f 'Suclei   or   merocytes.     These  cause  and  maintain  in  the  yolk  for 
ft  long  time  the  process  of  supplementary  cleavage. 

When  we  institute  a  comparison  between   partial  and  unequal 

nvage, — For  the  dexcriptiouii  of  which  wo  have  made  use  of  the  eggs 

(  the  Hen  and  the  Frog,— it  is  not  difficult  to  derive  the  former 

1  the  latl«r,  and  to  find  a  cause  for  the  origin  of  the  former. 
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It  is  the  same  a^  that  which  produced  onequal  cleavage  from 
equal  cleavage;  it  is  the  great  accumulation  of  nutritive  jcdk, 
the  inequality  in  the  distribution  of  the  ^|g-substances  which 
goes  hand  in  hand  with  it,  and  the  alteratxm  in  the  position 
of  the  cleavage-nucleus.  The  process  of  differentiation,  which 
is  stiU  in  a  stage  of  transition  in  the  case  of  the  Vto^^b  egg,  is 
carried  to  an  extreme  in  the  case  ol  the  Hen's  egg.  Protoplasmic 
substance  was  already  abundantly  accumulated  at  the  animal  pole  in 
the  former  case,  but  in  the  latter  it  is  still  more  concentrated,  and 
at  the  same  time  has  become  differentiated  from  the  nutritive  yolk 
as  a  disc  enclosing  the  segmentation-nucleus.  The  yolk,  accumulated 
to  an  enormous  extent  at  the  opposite  pole,  is,  in  consequence  of  this 
separation,  relatively  poor  in  protoplasmic  substance,  which  only 
scantily  fills  the  interstices  between  the  large  yolk-sf^eres. 

Inasmuch  as  the  phenomena  of  motion  during  the  process  of 
division  emanate  from  the  protoplasm  and  nucleus,  whereas  the 
deutoplasm  remains  passive,  the  active  substance  in  ike  ease  of  mero- 
blaeiic  eggs  can  no  longer  master  the  passive  substance  and  cause  it  to 
participate  in  the  cleavage.  Even  in  the  case  ol  the  Frog's  ^gg  a 
preponderance  of  the  animal  pole  during  cleavage  is  observable; 
within  its  territory  the  nucleus  lies,  the  radial  figures  of  the  proto- 
plasm appear,  and  the  first  and  second  planes  of  division  begin  to 
arise,  whereas  they  cut  through  at  the  v^etative  pole  last  of  all ; 
moreover  the  process  of  division  during  the  later  stages  takes  place 
there  with  greater  rapidity,  so  that  a  distinction  arises  between  the 
smaller  animal  cells  and  the  larger  vegetative  ones.  In  the  case  of 
the  Hen's  egg,  the  preponderance  of  the  animal  pole  is  still  further 
increased,  and  the  contrast  with  the  vegetative  pole  is  most  sharply 
expressed.  The  cleavage-furrows  not  only  begin  there,  but  they 
remain  restricted  to  the  territory  immediately  surrounding  it.  Thus 
we  get  on  the  one  hand  a  disc  composed  of  small  animal  cells,  on  the 
other  an  immense  undivided  yolk-mass,  which  corresponds  to  the 
larger  vegetative  cells  of  the  Frog's  egg.  The  yoUc-nudei  endoeed  in 
the  periphery  of  the  germ-disc  are  equivalent  to  the  nudei  of  the 
vegetative  cells  of  tlie  Frogs  egg. 


IP-  Partial  Superficial  Cleavage. 

The  second  sub-type  of  partial  cleavage  is  prevalent  in  the  phylum 
of  Arthropods,  and  occurs  in  centrolecithal  eggs,  where  a  central 
yolk-mass  i^  enclosed  iu  a  cortical  layer  of  formative  yolk.    Manifold 
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iriations  Are  poeaible  here,  as  well  as  transitions  to  etjiiiil  aod  im- 
;ual  cleavage.  When  the  course  pursued  is  quite  typical,  the 
lentatiau-niicleus,  surrounded  by  a  mantle  of  protoplasm,  lies  in 
middle  of  the  egg  in  the  nutritive  yolk ;  here  it  ia  divided  into 
daughter- nuclei,  without  the  occuri-euce  of  a  correepoudiug  division 
the  egg-cell.  The  daughter-Du::lei,  in  turn,  undergo  division  into 
r,  these  into  8,  16,  32  nuclei,  tjtc..,  while  the  egg  as  a  whole  still 
uusegment^.  Subsequently  the  nuclei  move  apai-t,  the 
,ter  number  gradually  migrate  to  the  nurface,  and  penetrate  into 
the  protoplasmic  cortical  layer,  where  they  arrange  themselves  at 
usiform  dlEtanws  from  each  other.  It  is  only  nt  thin  stage  that 
the  process  of  egg-segmentation  takes  place,  for  now  tht  cortical  layer 
u  divided  into  at  viany  edit  as  tJiere  are  nuclei  in  it,  ichUe  (A<  ctntral 
yolk  remaing  undivided.  The  latter  is  therefore  suddenly  enclosed  In 
•  sac  formed  uf  small  cells — a  blaatoderm  (Keimhaut).  Instead  of 
k  polar  (lelolecitfaul)  yolk,  we  have  a.  central  (centrolecithal)  yolk. 
Ordinarily  yolk-nuclei  or  merocytes  remain  behind  in  the  yolk,  an  in 
the  meroblastic  eggs  of  Vertebrates. 

iNow  that  we  have  become  acquaint«d  with  the  varioiiii  forms  of  the 
3oees  of  segmentation,  it  will  bo  expeiliont  to  dwell  for  a  moment 
ltd  results.  According  as  the  process  of  cleavage  takes  place 
one  or  the  other  of  the  four  methods  described,  there  arises 
a  mass  of  cells  with  corresponding  characteristics.  Prom  equal 
segmentation  there  arises  a  spherical  germ  with  cells  approximately 
uniform  in  size  (Amphioxus,  Mammals)  (fig.  30,  p.  56) ;  from  un- 
equal segmentation,  as  well  aa  from  discoidal,  there  is  produced  a. 
form  of  the  germ  with  polar  differentiation.  This  manifests  itself  in 
the  first  case  (Cyclostomes,  Amphibia)  in  the  production  of  small 
I  animal  pole  and  large  yolk-laden  elements  at  the  opposite, 
tative  polo  (fig.  33",  p.  60).  In  the  other  case  (fig.  35,  p.  64) 
tive  pole  is  occupied  by  an  unsegmented  yolk-mass,  in 
1  at  definite  regions  nuclei  are  found  (Fishes,  Reptiles,  and 
Is).  Finally  there  is  developed  from  superficial  cleavage  a  germ 
f  0.  mantle  of  cells,  which  envelops  an  unsegmented  yolk- 
8  in  which  also  there  are  nuclei  (Arthropods). 
)  multicellular  germ  undergoes  further  changes,  sometimes  in 
e  earlier  stages  of  the  cleavage-proi.'ess,  sometimes  only  in  the  later 
D  that  a  small,  fiuid-filled  cUavaye-cavit!/  is  developed  in  it» 
>,  by  the  separation  of  the  embryonic  cells.    At  fir^t  amitll,  thib 
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cavity  increases  more  itnd  more  id  siEe,  m>  that  the  surface 
of  the  whole  germ  in  augmented,  and  the  cells  which  were  at 
first  central  come  to  the 
Hurface. 

I>ifferent  names  have  been 
given  to  the  Bolid  and  to  the 
hollow  maaa  of  cells.  A 
morula  or  muBmrry-tpAere 
in  spoken  of  as  long  as  the 
segmentation-carity  is  either 
wanting  or  only  slightly  de- 
veloped. But  when  a  larger 
cavity  has  been  formed,  as 
is  almost  always  the  cue 
toward  the  end  of  the 
cleavage-procem,  the  germ 
is  called  a  blatlula  or  Um- 
togpfiere  (Keimblatte).  The  latter  in  turn  exhibits  a  four-fold 
variatiou  of  form,  according  to  the  abundance  of  yolk  in  the 
original  egg  and  the  method  of  the  antecedent  segmentation. 

In  the  simplest  case  (fig.  36)  the  wall  of  the  blastula  is  only  ons 
layer  thick ;  the  cells  are  of  uniform  size  and  cylindrical,  and  are 
closely  united  to  one  another 
to  form  an  epithelium  (many 
of  the  lower  animals,  Am- 
phioiue).  In  the  case  of 
lower,  atjuatic  animals  the 
blaHtuhe  at  this  stage  aban- 
don the  egg-envelopes,  and, 
Mnce  their  cylindrical  celb 
develop  cilia  at  the  surface, 
swim  about  with  rotating 
motion  in  the  wat*r  as  ciliate 
spheres  or  blastoephereM. 

Ill  eggM  with  iiiioqual  t«g- 
mentation    the    tilni<tula    m         .[Uiabm.Amv  juik. 
ordimtrily  formed  of  several 

layers  of  cell:*,  as  in  the  case  of  the  Frog  and  Triton,  and  at 
the  same  time  it  exhibiU  ui  different  regions  diH'erent  thicknesses 
(fig.  37).  At  the  animal  pole  the  wall  is  thin ;  at  the  vegetative 
iH>le,  on  the  contntiy,  it  is  no  much  thickened  that  an  elevation, 


Fir.  n.-B1utul>  ef  Triton 
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i  of  large  yolk-cells,  protrudes  from  this  side  far  into  the 
i»vage-cavity,  thus  coiiaiderably  diminishing  it. 

eggs  with  partiitl  discoidal  segmenltition  {fig.  38)  aro  modified 
mctit  of  all,  and  are  therefore  scarcely  to  be  recognised  as  blastida;. 
In  consequence  of  the  immense  accnmulation  of  yolk  on  the  ventral 
(vegetative)  side,  the  clenvage-eanty  (S)  is  estraoniinarily  constricted, 
and  is  Mtill  preserved  only  as  a  narrow  fissure  filled  with  albuminous 
fliud.  Dorsalty  il«  wall  consists  of  the  umall  embryonic  cells  (ii)  result- 
ing from  the  proeeHS  of  cleavage,  which  are  accumulated  in  several 
snperpoeed  layers ;  at  the  suifaco  they  join  each  other  closely, 
dcpper  they  lie  more  loosely  associated.  The  Boor  of  the  cleavage- 
cAvity  is  formed  of  a  yolk-mass,  scattered  through  which  aro 
to  be  found  the 
yolk-nuclei  or 
merocytes  (dk), 
which  I  ike  wist 
result  from  th 
deaiage-proci  ss 
It  ii  to  be  Be«n 
thai  the)  arefvspe 
dally  numerous  at 
the  place  of  trau 
ation     from     the 

germdiHC    U.    the     »  c^','^„Vj'?ht!!,ui.'*i  ".^^^i^i  B«n, -.it  an,r       „.,!„ 
yolk  maAii  ^uik  oiUi  roik  oncid 

This    nncteateil 
yolk  maH8  \ery  e\;deutl}  corretiponds  to  the  large  vegetative  cellit 
which  constitute  the  floor  of  the  cleavage-cavity  in  the  case  of  the 
Amphibian  egg  (fig  3T) 

III  the  lase  of  superficial  cleavage  there  is  formed,  strictly  speaking, 

no  blastula,  since  the  pUce  where  the  segmentation -cavity  should  bo 

s  filled  with  nutritive  yolk.     The  latter  either  remains 

is  snbseqnently  divided,  ax  in  the  Insects,  into  in- 

^iridual  yolk-cells. 


w  r«*w^**TO3B^^«r?s; 


in  HwUon  throufti  1  E*'™-^'*'  ^  f riitinnu  In  lb* 


r,  BlBTOBr  OV  THK   PnOCBSS  OP  CLEAVAeS. 

The  Inraitiintion  and  riglit  comprehenEion  of  tho  prooosB  of  cloavnge  hnvo 
been  atteaiteil  with  nianifoli}  difficullies.  A  volanunoii*  litcralare  bim  ariiun 
OD  this  snbject.  We  limit  onreelves  to  pointing  out  the  most  iraportnnt  dis- 
coveries and  the  chief  questions  which  have  been  discussed. 
,  Thn  first  olwerrations  on  tbe  proce«s  ot  seftroentatlon  were  madp  on  the 
'  '.     Aside  frum  short  f^tati-mcntN  by  Swammbrdam  iinil  ItOSKL  vnn 
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ROSENHOF,  it  was  PREVOST  ET  DuMAB  who  were  the  first  to  describe,  in  1824, 
the  maimer  in  which  regular  farrows  arise  on  the  Frog's  egg,  and  how  by 
means  of  these  the  whole  surface  is  divided  into  smaller  and  smaller  areas. 
According  to  the  French  investigators,  the  furrows  were  restricted  to  the  sur- 
face of  the  egg.  However,  only  a  few  years  later,  KuscoNi  (1826)  and  C.  E. 
V.  Babb  recognised  that  the  furrows  visible  at  the  surface  correspond  to 
fissures  which  extend  through  the  whole  mass  of  the  yolk,  and  divide  it  into 
separate  parts.  Even  in  his  time  voN  Baeb  rightly  characterised  the  whole 
process  of  segmentation,  in  which  he  discerned  the  first  impulse  of  life,  as  an 
automatic  division  of  the  egg-cell,  but  subsequently  he  abandoned  this,  the 
right  path,  since  he  sought  for  the  meaning  of  division  in  the  dictum :  that 
**all  yolk-masses  are  subject  to  the  influence  of  the  fluid  and  volatile 
components  of  the  fertilising  material.** 

In  the  next  decennary  there  followed  numerous  discoveries  of  the  process  of 
segmentation  in  other  animals.  During  this  period  acquaintance  was  also 
gained  with  partial  segmentation.  After  KuscoNi  and  VooT  had  seen  it  in 
the  case  of  fish  eggs,  EOllikeb  gave,  in  the  year  1844,  the  first  detailed 
description  of  it  as  seen  in  the  eggs  of  Cephalopods,  and  four  years  later 
CosTE  described  it  in  the  Hen's  egg. 

The  question  of  the  significance  of  the  cleavage-process  has  engaged  the 
earnest  attention  of  investigators,  and  has  given  rise  to  many  controversies. 
The  discussion  first  took  a  definite  turn  upon  the  establishment  of  the  oell- 
theory.  The  question  was,  to  determine  whether  and  in  what  manner  cleav- 
age was  a  process  of  cell-formation.  Although  there  were  already  many 
observations  on  the  division  of  eggs,  Schwann  himself  took  no  definite  posi- 
tion on  this  question.  The  views  of  other  investigators  were  at  variance  for 
years.  There  was  a  difference  of  opinion  as  to  whether  the  egg  or  the  ger- 
minative  vesicle  was  a  cell,  whether  the  segments  resulting  from  cleavage 
possesse^l  a  membrane  or  not,  and  whether  these  segments  were  to  be  regarded 
as  cells  or  not.  In  the  earlier  literature  the  germinative  vesicle  and  the 
nuclei  of  the  cleavage-spheres  were  often  designated  as  embryonic  cells,  and 
the  surrounding  yolk-mass  as  an  enveloping  sphere.  The  difllculty  of  com- 
prehending the  process  of  segmentation  was  also  aggravated  by  the  false 
doctrine  of  free  cell-formation  from  an  organic  matrix — the  cytoblastema — 
founded  by  Schwann.  It  remained  for  a  long  time  a  controverted  point 
whether  the  tissue-cells  of  the  adult  organism  were  the  direct  descendants  of 
the  segmentation-spheres,  or  whether  they  arose  at  a  later  period  by  means 
of  free  cell-formation  from  cytoblastema.  After  NXgeli  on  the  botanical 
side  had  adopted  the  right  course,  it  was  the  service  of  K5LLIKEB,  Rbichebt, 
Rbmak,  and  Leydig  to  have  paved  the  way  to  a  comprehension  of  cleavage, 
and  to  have  shown  that  free  cell-formation  does  not  take  place,  but  that  all 
cellular  elements  arise  in  uninterrupted  sequence  from  the  egg-cell. 

As  far  as  regards  the  different  kinds  of  cleavage,  KOllikbb  designated 
them  as  total  and  partial,  van  Beneden  has  given  in  his  '*  Recherches  sur 
la  composition  et  la  signification  de  I'oeuf  *'  a  more  exhaustive  review  of  the 
subject,  and  has  also  expounded  in  a  clear  way  the  signification  of  the 
deutoplasm  for  the  different  kinds  of  cleavage.  Subsequently  Habckbl  mate- 
rially simplified  the  categories  of  segm^i^tation  recognised  by  van  Bbnbden, 
and  proposed  in  his  "  Anthropogenic  **  and  in  his  paper  "  Die  Gastrula  und  die 
Eifurcbung  '*  the  classification  of  the  methods  of  cleavage  on  which  is  based 
the  scheme  previously  given,  and  according  to  which  total  cleavage  is  divided 
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>  •qnal  tULd  oaoqua],  and  partial  ioto  dixcuitlnl  anrl  iiaperficial.  Al  the 
e  time  Habckbl  eadeavonred  to  derive  the  diJIorent  methods  of  cleavnge 
n  one  nnotber,  aod  apropos  of  this  directed  attealjon  to  tbD  important  tule 
'le  nntrittve  yolk. 

The  proveHses  which  take  place  n-ithin  the  ;olk  bnve  eluded  obsarvBtion 
kod  a  correot  interpretation  even  more  than  the  external  phenomena  nf  cleav- 
age, M>  that  it  is  onlj  in  tho  most  recent  times  that  we  have  acquired  a  salif- 
faotor;  iorigbt  into  Ihem.  It  is  true  Ibat  the  problem,  nii  to  what  port  the 
nacleoB  plays  in  segmentation,  has  had  tho  uniolerrupt«d  attention  of  investi- 
gaUirs.  but  without  any  solotion  having  been  fonnd.  For  years  there  were  in 
the  litciatore  two  opposing  views :  sometimes  one  oC  tbem,  sometimes  the 
oiitei,  attained  temporarily  greater  onirenoy,  Acconling  to  one  view^whtcb 
was  almost  nniversally  adopted  hy  tbe  botacista,  and  wa«  defended  on  the 
lOologicAl  side  principally  by  Ubichhbt,  and  even  recently  by  AUBBBACB— 
Uw  nucleus  disappears  before  every  division,  and  is  dissolved,  to  be  afterwards 

Imed  anew  in  each  danghlor-scgmeot ;  according  to  the  other  vievf  the 
olena.  un  the  contrary,  is  not  dissolved,  bat  is  constricted,  bccoroea 
nb-bell-ahaped,  and  is  divided  into  halve*,  and  thereby  indnces  cell -division, 
lis  view  WH£  taught  especially  by  snch  locilogists  and  anatomists  as  C.  K. 
BAEB,  JOH.  ML'LLRH,  KOLLIKUB,  LHYDIG,  (IKOIONBAIIK,  UXIXIKtlL,  TAN 
IREDliil',  aod  others,  who  were  supported  by  the  observations  which  they 
d  made  on  transparent  eggs  of  the  lower  animals, 
Lig-bt  was  first  thrown  on  the  disputed  qnestion  at  the  moment  when  snit 
able  objects  were  studied  with  the  aid  of  bigbcr  mognifi cations,  anit  espociall 
with  the  employment  of  modern  methods  of  preparation  (fixing  and  staining 
Ksgents), 

Tbe  works  of  Fol,  Flbkhiuo,  Schhbidbb,  and  Aukbbacs  on  the  cleavage 
of  the  eggs  of  various  animals  mark  a  noteworthy  advance.  Tbej  still  main- 
tained, it  la  tne,  that  the  nucleus  is  dissolved  at  Che  time  of  cleavage,  but  they 
gftve  n  detailed  and  accurate  description  of  the  striking  radiation  which  arises 
'i  the  yolk  upon  the  disappearance  of  the  nucleus,  and  which  during  the 
UictioQ  of  tbe  e^  soon  becomes  visible  in  the  region  of  tbe  daaghter- 
ScBNBtDBB  observed  parts  of  the  spindlo-stage. 
f  Boos  after  liils  a.  more  exact  insight  into  the  complicated  and  peculiar 
Ktlesr  changes  was  oht^ned  by  means  of  three  investigations,  which  were 
carried  out  independently  and  simaltaoeously  on  difforent  objects,  and  were 
publifhed  in  rapid  snocosMon  by  BL*T9cbli,  8teasbub»br,  and  the  aotbor. 
It  wsa  definitely  eslablished  by  these  observations  that  there  is  no  dissolution 
of  the  nnclens  at  the  time  of  division,  but  a  metamorphosis,  such  as  has  been 
deataibed  in  the  preceding  pag^s.  At  the  sane  time  I  likewise  proved  that  the 
egg-nncleuB  is  not  a  new  formation,  bnt  ifl  derived  from  parts  of  the  germinativa 
vesicle.  I'^m  this  resntted  t/m  important  docMiu  Ihat.jmt  at  all  eelU,  to  aim 
oil  ntcln  of  tht  animal  orsanitm  are  dfripaiiimi  fn  an  imiiitrmijiled  ifquenef, 
fA«  mafrvm  the  egg-eell  and  tk«  ether  from  iti  niielevt.  (Omnis  cellula  e  cellula, 
omnis  nacleas  e  nncleo.)   Throngb  these  researches  there  was  famished  for  tbe 

•  Hadiating  Ktruotures  bad  already  been  observed  in  the  yolk  befoie  this, 
but  in  aa  incomplete  manner,  by  different  authors — by  Qrobg  in  the  Hirii- 
dloea,  by  Dbbbbs  and  MBIsaNBB  in  the  ^<ea-nrchin,  by  Oboenbaub  in  Kagitta, 
bj  Khohk,  Kowalbvbxy,  and  Kupppeb  in  Ascidiana,  by  LE0CKABT  in  Mema- 
es,  by  Balbiani  in  Spiders,  and  by  (Jbllachhb  in  the  'i'rout. 
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fim  time  a  scheme  of  nnclear  dirinon  and  oell-diTinoii,  idilch  has  since 
proved  to  be  correct  in  all  essentials,  even  though  it  has  nndeigODe  important 
improvements  an*!  additions  at  the  hand5  of  FoL,  Flemmixg,  tax  Beneden, 
and  Rabu 

FoL  published  an  extended  monographic  inrestigation  of  the  process  of 
cleavage,  which  he  had  observed  in  manv  invertebiated  animals.  FLEMinNQ, 
starting  with  naclear  division  in  tissae-cells,  distinguished  with  g^reat  acnmen 
the  non-chromatic  and  the  chromatic  parts  of  the  endear  figure,  the  non- 
stainable  naclear  spindle>fibres,  and  the  stainable  naclear  filaments  and  loops, 
which  are  located  apon  the  sarfaoe  of  the  former.  He  made  the  interesting 
ditfooverr  concerning  the  latter,  that  they  become  spUt  lengthwise.  Ugbt 
was  soon  thrown  apon  this  peculiar  phenomenon,  when  Heuses,  VAN  Bekedeh, 
and  Rabl,  independently  of  each  other,  discovered  that  the  halves  of  the  split 
filaments  moved  apart  toward  the  poles  of  the  nucleos,  and  famished  the 
fundament  for  the  daughter-nucleL  tax  Bexedek  at  the  same  time  made 
the  additional  and  important  observation  on  the  egg  of  Ascaris  megalooephala, 
that  of  the  four  chromatic  loops,  which  are  constantly  to  be  observed  in  the 
case  of  the  cleavage-nucleus,  two  are  derived  from  the  chromatic  substance 
of  the  spermatic  nuclea'!,  the  other  two  from  the  chromatic  sulx^nce  of  the 
egg-naclens ;  and  that,  in  consequence  of  the  longitudinal  splitting,  each 
daughter-nucleus  receives  at  the  time  of  division  two  male  and  two  female 
nuclear  loops.  In  addition  there  have  appeared  many  other  recent  woiics 
of  value  on  the  process  of  cleavage  by  XussBAm,  Kabl,  Carnot,  Bovebi, 
Tlatneb,  and  others. 

Within  the  last  few  years  PflCgeb  has  endeavored  to  prove  by  interesting 
experimentH  that  gravitation  exercises  a  determining  influence  on  the  position 
of  the  planes  of  cleavage.  BOBX,  Rorx,  and  the  author,  on  the  contrary, 
thought  they  were  able  to  explain  division  from  the  organisation  of  the  egg- 
cell  itself.  In  the  author's  article,  "  Welcben  Einfluss  iibt  die  Schwerkraft 
auf  die  Theilung  der  Sullen  ?  **  he  recognised  the  causes  which  determine  the 
various  directions  of  the  planes  of  division,  (1)  in  the  distribution  of  the 
lighter  egg-plasm  and  the  heavier  deutoplasm,  and  (2)  in  the  influence  which 
the  spatial  arrangement  of  the  egg-plasm  exercises  on  the  position  of  the 
nuclear  spindle,  and  that  which  the  position  of  the  latter  exercises  upon  the 
direction  of  the  plane  of  clea^iige. 

Summary. 

1.  In  the  process  of  cleavage  the  inUrnal  and  the  external  pheno- 
mena of  segmentation  are  to  be  distingiUKhed  from  each  other. 

2.  Tlie  internal  phenomena  of  cleavage  find  expression  in  changes 
(a)  of  the  nucleus,  (6)  of  the  protoplasm. 

3.  Tlie  nucleus  while  in  the  process  of  division  consists  of  a  non- 
chromatic  and  a  chromatic  nuclear  figure.  The  non-chromatic  figure 
is  a  spindle  composeil  of  numerous  fibres.  The  chromatic  figure  is 
formed  of  bent,  V-shaped  nuclear  filaments  (chromosomes),  which  lie 
upon  the  surface  of  the  middle  of  the  spindle.  At  the  two  ends  of 
the  spindle  there  is  foupd  a  special  polar  corpuscle  [centrosome]. 
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^^V  4.  The  divition  of  the  niideii!'  tAkes  plnce  in  the  followiug  mAnner : 
^^Hitlie  nuclnnr  glnmentri  split  leiigthwiHe,  and  their  halvei^  move  npfirt 
^^Kin  oppwita  ilin^ionH  toward  the  endu  of  the  apiniUe,  ftnd  are  tliere 
^^B .converted  into  vesicular  daughter-nuclei. 

^^M  5.  The  protoplasm  arranges  itself  around  the  ends  of  the  spindle 
^^Kin  fihiments  hiiving  the  foi'm  of  a  Ktellate  figure  (a.n  aRt«r),  m  that 
^^Bv  double  radiation  or  an  amphiaater  aricieH  in  the  egg. 
^^K  6,  -The  ext^mnl  phenomena  of  cleavage  consist  in  the  diviHion  of 
^^B(2ie  c^g-cont«nts  into  individual  partH,  the  number  of  which  corra- 
^^n^ndti  to  that  of  the  daughter-nuclei.  They  exhibit  various  modifica- 
^^Btious,  which  are  dependent  on  the  arrangement  and  distribution  of 
^^■Ae  egg'plasm  and  the  deutoptasm,  lui  is  to  be  soen  from  the  fol- 
^^^Howiug  scheme  of  segmentation. 

^^1         Sekeme  of  the   Various  Modifications  of  the  Process 

^^m  of  Cleavage. 

^H  I.  Total  Cleavage.     (Holoblastic  eggs.) 

^^B     The  eggs,  which  for  the  most  part  are  Hmall,  contain  n  small  or 

^^■Boderata  amount  of  deutoplasm,  and   are  complel«ly  divided  into 

^^n»ught«r-cellB. 

^^H  1-  Eqval  Cleavage. 

^^B     Tliin  takeiit  place  in  eggs  with  meagro  and  uniformly  distributed 

^^Bideutoplaiim  (alecithal).    By  the  prooes.-*  of  cleavage  thei-e  are  formed 

^^Hp^^ments  which,  in  general,  are  uf  uniform  size.     ( AmphioxiVi,  Mam- 

^^H  2.  UneqruU  Cleavage. 

^^™  This  occurs  in  eggs  in  which  a  more  abundant  deutoplanro  is  un- 
equally distributed,  being  concentrated  toward  the  vegetative  pole, 
and  in  which  the  cleavage-nucleus  ii*  loukted  nearer  the  animal  and 

IjBore  protoplasmic  pole.     Usually  the  segmentji  be<-ome  unequal  in 
fue  cnly  with  and  after  the  thij'd  act  of  divLiion,    {Cyc!Qnt<imce, 
t&niphiUa.) 
n.  Partial  Cleavage.    (Merobluitic  eggs.) 
The    eggs,  which    are   often    very  large,  ordinarily  contain  con- 
idderable  quantiticK  of  lieutJiplasm.     In  consequence  of  the  unequal 
distribution  of  Uiis,  the  egg-cont<?nts  are  separated  into  a  formative 
jrolk,  tu  which  alotiA  the  process  of  cleavage  ia  maniftsted,  and  a 
I  nntritive  yolk,  wliich  remains  undi%'ided,    and  is  used  up  during 

Leiphrj-onic  development  tor  the  gi'owth  of  the  organs. 
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1.  Di90oidal  Cleavage. 

This  takes  place  in  eggs  with  natritive  yolk  in  a  polar  position 
The  process  of  cleavage  remains  confined  to  the  formative  yolk 
accumulated  at  the  animal  pole,  which  has  the  form  of  a  disc  and 
contains  only  a  small  amount  of  deutoplasm.     There  is  formed,  con- 
sequently, a  cellular  disc.     (Fishes,  Reptiles,  Birds.) 


2.  Superficial  Cleavage, 

This  occurs  in  the  case  of  eggs  with  central  yolk.  In  tjrpical 
cases  the  nucleus  alone,  which  occupies  the  middle  of  the  egg,  under- 
goes repeated  division.  The  numerous  daughter-nuclei  which  arise 
in  this  manner  migrate  into  the  layer  of  protoplasm  which  invests 
the  central  nutritive  yolk,  and  the  protoplasm  is  thereupon  divided 
into  as  many  segments  as  there  are  nuclei  lying  in  it.  There  is 
formed  a  germ-membrane  (Keimhaut).     (Arthropods.) 

7.  £ggs  with  total  cleavage  are  designated  as  holoblastic,  eggs 
with  partial  cleavage  as  meroblastic. 

8.  The  direction  and  position  of  the  first  cleavage-plane  are  strictly 
conformable  to  laws  which  are  founded  in  the  organisation  of  the 
cell ;  they  are  determined  by  the  following  three  factors : — 

First/actor.  The  cleavage-plane  always  divides  the  axis  of  the 
nucleus  which  is  preparing  for  divibdon  perpendicularly  at  its  middle. 

Second  factor.  The  'position  of  the  axis  of  the  nucleus  daring 
division  is  dependent  upon  the  form  and  differentiation  of  the  en- 
veloping protoplasm. 

In  a  protoplasmic  sphere  the  axis  of  the  nuclear  spindle,  occup}dng 
the  centre  of  the  sphere,  can  lie  in  the  direction  of  any  radius  what- 
ever ;  but  in  an  oval  protoplasmic  body,  only  in  the  longest  diameter. 
In  a  circular  disc  the  nuclear  axis  lies  parallel  to  its  surface  in 
any  diameter  of  the  circle,  but  in  an  oval  disc  only  in  the  longest 
diameter. 

Third  factor.  In  the  case  of  eggs  of  unequal  segmentation,  which, 
in  consequence  of  their  unequally  distributed,  polar  deutoplasm, 
are  geocentric,  and  therefore  assume  when  in  equilibrium  a  parti- 
cular position,  the  first  two  planes  of  cleavage  must  be  vertical,  and 
the  third  must  be  horizontal  and  placed  above  the  equator  of  the 
sphere. 
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CHAPTER   IV. 


GENERAL  DISCUSSIOX  OF  THE  PRINCIPLES  OF  DEVELOP- 
MENT. 

A  SIMPLE  principle  has  exclusively  controlled  the  embryonic  pro- 
cesses hithei'to  considered.  By  means  of  the  cleavage  of  the  egg- 
substance,  or  cell-divLsion,  alone  the  originally  simple  elementary 
organism  has  been  converted  into  a  cell -colony.  This  presents  the 
simplest  conceivable  form,  inasmuch  as  it  is  a  hollow  sphere,  the 
wall  of  which  is  composed  of  one  or  several  layers  of  epithelial  cells. 
But  the  principle  of  cell-division  is  not  adequate  for  the  production, 
out  of  this  simple  organism,  of  more  complicated  forms  with  dissimilar 
organs,  such  as  the  adult  animals  are ;  fiu^her  progress  in  develop- 
ment can  be  brought  about  from  this  time  forward  only  by  the 
suj)ervention  of  two  other  principles,  which  are  likewise  simple ; 
namely,  the  principle  of  unequal  growth  in  a  cell-membrane,  and 
the  principle  of  the  division  of  labour,  together  with  the  histological 
differentiation  connected  with  it. 

Let  us  consider  fii*st  the  principle  of  nneqaal  growth.  When  in  a 
cell-membrane  the  individual  elements  continue  to  divide  uniformlyy 
the  result  will  be  either  a  thickening  or  an  increase  in  the  surface  of 
the  membrane.  The  former  takes  place  when  the  plane  of  division 
has  the  same  direction  as  the  surface  of  the  membrane,  the  latter 
when  it  is  perpendicular  to  the  surface.  With  the  increase  in  the 
extent  of  siu'face  the  cells  which  were  at  first  present  are  uniformly 
and  gradually  crowded  apart  by  the  introduction  of  the  new  daughter- 
cells,  inasmuch  as  they  are  soft  and  plastic,  and  are  joined  together 
only  by  means  of  a  soft  cementing  substance.  Were  we  to  assume 
that  only  such  a  growth  took  place  in  the  case  of  the  blastula  during 
its  further  development,  nothing  else  could  come  of  it  except  an  ever 
larger  and  thicker- walled  hollow  sphere  of  cells. 
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The  operation  of  an  uiiequai  growth  of  the  surfiice  produces  quite 
another  i-ewult.  When  in  the  middle  of  a  ruembrune  the  wlk  of  a 
single  group  witJiin  a  short  time  rppetiti'dly  undergo  "  ttiviMion  "  by 
vertical  planes,  they  will  bo  suddenly  compelled  to  claim  for  themselves 
much  greater  mirface,  and  they  will  consequently  exert  a  vigorous 
pressure,  due  to  growth,  upon  the  cells  in  their  vicinity,  tind  will 
tend  to  push  them  apart.  But  in  this  case  a  separation  of  contiguous 
cells,  such  an  taken  place  with  gradual  and  uniformly  distributed 
interstitiul  growth,  will  be  impossible ;  for  the  surrounding  cells, 
remaining  in  a  pa^ive  condition,  will  constitute,  lut  it  were,  a  rigid 
frame,  as  His  has  expressed  it,  around  the  extending  part,  which,  in 
eonsequcRce  of  accelei'Hted  growth,  demands  an  increoised  area.  It 
must  therefore  secure  room  for  itself  in  another  manner,  and  increase 
ite  surface  by  abandoning  the  level  of  the  passive  part  through 
the  formation  of  a  fold  in  either  one  direction  or  the  other.  The 
lold  will  be  still  further  increased,  and  forced  farther  from  the 
original  level,  if  the  increased  activity  of  the  process  of  cell-division 
in  it  continues.  Thus  by  means  of  unequal  gi-owth  theiv  has  now 
arioen  out  of  the  originally  uniform  membrane  a  new  recognisable 
part,  or  a  special  organ. 

When  the  folding  membrane  encloses  a  cavity,  as  is  thtj  case  with 
the  blnstula,  there  are  two  caaei  conceivable  in  lhe/i>rination  ofJoM*. 
In  the  first  place,  the  membrane  miiy  he  folded  into  the  interior  of 
the  body,  a  process  which  in  embryology  is  called  invagination  or 
involution.  Secondly,  there  may  arise  by  evagination  a  fold,  which 
projects  free  beyond  the  surface  of  the  body. 

In  the_^r#(  awe  numerous  variations  in  the  details  are  possible,  so 
that  the  most  various  organs,  as,  b.^.,  the  glands  of  the  animal  body, 
parte  of  the  sensory  organs,  tlie  centiul  nervous  system,  etc,  are 
formed. 

/«  th%  origin  o/gUntds  a  small  cii-cumscribed  circular  part  of  a 
cellular  membrane  is  infolded  as  a  hoUow  cylinder  (tig.  39  '  and  *), 
towards  the  int^or  of  the  body,  into  the  underlying  timue,  and  by 
. ,  oontinuouB  growth  ma.y  attain  considerable  length.  The  invagina- 
developu  into  either  the  tubular  or  the  alveolar  foi-m  of  gland 
'FLBimixn).  If  the  glandular  sac  post«e«Mes  from  its  mouth  to  ita 
blind  end  nearly  uniform  dimensions,  we  have  the  simple  tubular 
gland  (fig.  39 '), — the  8we«t  glands  of  the  skin,  Lieberkciix's  glanils 
uf  the  iuteetine.  Tlie  alveolar  form  of  gland  ditTet-s  from  this  in  that 
the  invtLginabed  sac  does  not  ramply  increase  in  length,  but  ejcpands 

imewhat  at  its  end  (tig.  39  *,  db),  while  the  other  pari  remains 


TIf '  n.— DiAfTAB  of  the  fvTmKti«a  oJ 

bnuidiHl  tubuUr  gJmnd  ■rich  uiBstomad 
4  Mod  S,  HtupLd  filvauUt  (luidfl;  ci,  doct; 
onlftr^mueiit ;  a,  bnaching^tvoUrgluid, 
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narrow  and  tube-like  and  serves  as  its  duct  (a).  More  complicated 
forms  of  gland;*  arise,  when  the  same  procesbeti  to  which  the  itimple 
glandolar  trac  owes  its  origin  are  repeated  on  the  wall  of  the  sac — 
J      J  s        4        ^  6  when    on     a     small 

tract  of  it  a  more 
vigoroius  growth 
again  takes  place, 
and  a  part  begins 
to  grow  out  from 
the  main  tube  as  a 
lateral  branch  (fig. 
39  *  and  •).  By 
numerous  repetitions 
of  such  evaginations, 
the  originally  simfde 
tubular  gland  may 
acquire  the  form  of 
a  much  -  branched 
tree,  upon  which  we 
distinguish  the  part 
formed  first  as  trunk,  and  the  parte  which  have  arisen  by  outgrowths 
from  it  an  chief  branches  and  branchlets  of  first,  second,  third,  and 
fourth  order,  according  to  their  agea  iind  correlated  sizeM.  According 
OS  the  lateral  outgrowths  remain  tubular  or  become  enlarged  at  their 
tipx,  there  arise  either  the  compound  tubular 
glands  (fig.  39  ')  (kidney,  testis,  liver),  or  the  '  '' 

compound  alveolar  glands  (fig.  39  ')  (sebaceous 
glands  of  the  skin,  lungs,  etc.). 

Again,  the  invaginating  part  of  an  originally 
flat  membrane  assumes  other  forms  in  the  pro- 
ductum  of  tenae  organs  avd  <A«  central  iiervous 
tijglem.     For  example,  the  part  of  the  organ  of 
lienring  which  bears  the  nerve  terminations — 
the  membranous  liibj-rinth — is  developed  out  of 
a  small  tract  of  the  surface  of  the  body,  which 
becomes  depressed  into  ii  small  pit  (fig.  40)  in 
coiiKec|uence  of  its  acquiring  an  extraordinary        of  Kiiiiheiiuni. 
vigor  in  growth.      The    edges  of  tho  auditory 
pit  then  grow  toward  one  another,  so  that  this  is  gradually  con- 
verted into  a  Utile  sac,  which  still  opens  out  at  the  surface  of  the 
body  by  means  of  u  UBrrow  oiitice  only  (fig.  40  a),     finally,  the 


Uy  Anditurj  pit ;  b,%K 

Kh7  viaicli,  wbkh 


r 


DEKEILAL    DISCUSSION   OF  TOE    PHISCIPLES  OF   DEVELOPllGNT.       7'J 

narrow  orifice  closes.  Out  of  tlie  auditory  pit  thei'e  h&n  arisen  a 
closed  auditory  sac  {b),  vhich  then  detaches  itself  completely  from  ita 
parent  tissue,  the  epithelium  of  the  smi-faue  of  the  body.  Afterwards, 
nply  by  meauB  of  the  unequal  growth  of  its  ilifferect  regions,  by 
eans  of  constrictions  and  Vitrious  evagiuattons,  it  acquires  such  an 
extrnordinaiily  compliciLted  form,  that  it  has  justly  received  the 
name  of  membranous  labyi'inth,  as  will  be  sliown  in  detail  in  another 
chapt«r. 

The   development  of  the  central  nervoua  sj'stem  may  serve   as 

tlie  last  example  of  invagination.     Spinal  cord  and  brain  take  their 

origin  at  an  early  e[X)ch  from  the  layer  of  epithelial  cells  which  limits 

the  outer  sm-face  of  thi?  body  of  the  embryo.     A  narii>w  baud  of  this 

.   epithelium  lying  along  the  axis  of  the  back  becomes  ihickened,  aud  is 

distinguished  fi-om  the  thinner  purt  of  the  epithelium,  wliich  produces 

the  epidermis,  as  the  me<lullary  plat«  (fig.  41  A  inp).      inasmuch  as 

tlie  plate  grows  more  rapidly  thxu  its  surroundings,  it  hecomee  in- 

foldeil  into  a  gutter  which  is  at  first  shallow,  the  medullary  groove. 

This  becomes  deeper  tts  u  result  of  further  incretise  of  substance.    At 

the  same  time  the  edges  (fig.  41  £  7it/),  whicli  form  the  transition 

from  the  curved  medullary  plate  to  the  thinner  part  of  the  cellular 

membrane,  become  slightly  elevated  above  tlie  suiToiuiding  parts,  and 

eoDstitUl«  the  HO-cnIled  medullary  folils.     Subsequently  these  grow 

toward  each  other,  and  become  no  apjxisod  that  the  furrow  becomes 

I   Br  tube,  which  s-till  i-emains  temporarily  open  to  the  outside  by  means 

w  longitudinal  fissure.    Finally,  this  fissure  also  disappears 

tH  C)',  the  edges  of  the  folds  grow  together ;  the  closed  medullary 

'  I  (»),  like  the  auditory  vesicle,  then  detaches  itself  completely 

J  the  line  of  fusion  (suture)  of  the  cell -membranes  of  which  it 

was  originally  a  component  part  and  becomes  an  entirely  independent 

I   Oi;gan(«}. 

s  now  examine  somewhat  moi-e  closely  the  mechanism  of  tiie 
fiuidon  and  detachment  of  the  neural  tube. 

}  two  medullary  folils  ore  each  composed  of  two  layers,  wiiich 

'  ftre  continuous  with  each  other  at  the  edge  of  the  fold, — the  thicker 

t  medullary  plate  (mp),  which  lines  the  furrow  or  tube,  and  the  thin- 

r  epidermis  (ep),  which  has  either  a  more  lateral  or  a  more  super- 

fidal  position,     When,  now,  the  folds  come  into  contact,  they  fuse, 

not  only  idong  a  narrow  edge,  but  over  so  extensive  a  tract  that 

e])idermii9  is  joined  to  epidermis,  and  that  the  edges  of  the  medullary 

plate  are  joined  to  each  other.     The  medullary  tube  thus  formed, 

and  the  continuous  sheet  of  epidei-mLi  that  stretches  acitiw  it,  are  by 


lueiinsofiininU'riaediinyfall-miiss  still  in  continuity  iilong  the  aiitiin- 
produced  by  the  concrewwnce.    But  a  sypai-ation  soon  takes  pLice 
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eiridennis,  tvhile  the  otLer  part  U  aimexed  to  the  tnethilltiry  tube.  Thus 

in  tho  fornuUion  of  the  suture  processes  of  fiisiou  and  of  separation 

occur  ttlmoat  simulUniaously,  a  condition  which  often  rBcurs  in  the 

e  of  other  invBginatioiie,  as  in  the  constricting  off  of  the  auditory 

side,  the  vedcle  of  the  Ions,  etc 

'  Tlw  neural  tube  having  once  beoome  independent  la  auheequontly 

w-nt«tl  in  nuLuifold  ways  by  the  formation  of  foldings,  in  conse- 

inence  of  inequalities  in  the  rate  of  niu'fBce  growth,  especially  in  itB 

Vaoterior  enlarged   portion,  which    becomes   the   hmin.     There  are 

med  out  of  thin  hy  means  of  four  conHtrictiona  live  lirniu -vesicles, 

ftlrtiich    lie    in    Bucc«ssion     om.i     ivt'ter 

VADother ;   and  of  these  the  most  an- 

litdior,   which    becomes   the   cerehnim 

irith  its  complicated  furrows  and  con- 

Kvoltitiona  of    firKt,  second,   and    third 

res  an   a   classical    example 

dcBirea    to    show    how    :i 

igbly  differentiated  organ  with  com- 

»ted  morphological  conditionn  may 

inate    by    the    ample    process    of 

Ing. 

In  ftiidition  to  invagination  Uif  second 

metJwd    in    the  formatimi    of  j'oltU. 

which  depends  upon   a  process  of  era- 

•ion,   plnya   a   no   less  important 

in     the    determination    of    the       ^~°;^'t;,*,Tl^^ "  """"' 

of  animal  hoiUeH,  giving  I'ise  to 

iberances  of  the  surface  of  the  body,  which  may  likewifie 
ime  v.ariouB  formt>  (Gg.  42).  Ak  a  result  of  exuberant  growths 
small  circular  territories  of  a  cell-membrane  there  arise  rod- 
elevations,  resembling  the  papilhe  on  the  mucous  membrane 
of  the  tongue  (c),  or  the  tine  vilh  (a)  in  the  small  intestine  (villi 
int<«tina)uB),  which  are  so  doaely  set  that  they  give  a  velvety  ap- 
nee  to  the  surface  of  the  mucous  membrane  of  the  intestine, 
;t  Bfi  the  tubular  glands  may  be  abundantly  branched,  so  tufted 
are  here  and  there  developed  out  of  simple  villi,  wince  local 
Jerationa  of  growtl)  cause  the  budding-out  of  lateral  branches  of 
a  second,  third,  and  fourth  order  (fig.  42  b).  We  recall  the  external 
tufted  gills  of  various  lame  of  Fishes  and  Amphibia,  which  project 
out  from  the  necJt-region  free  into  the  water,  or  the  villi  of  the 
)  Maiiimals,  which  ;ire  characterised  hy  still  t 
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branchings.     The  formation  of  the  limbB  is  also  referable  to  such 
Ik  process  of  external  budding. 

When  the  growth  of  the  membrane  takes  place  along  a  line,  the 
free  edges  form  ridges  or  folds  directed  outward,  such  as  the  valves 
of  Kerkrino  folds  of  the  small  intestine  or  the  gill-plates  on  the 
gill-arches  of  'B^hes. 

From  the  examples  cited  it  is  dearly  to  be  seen  how  the  greatest 
variety  of  forms  may  be  attained  by  the  simple  means  of  invagina- 
tion and  evagination  alone.  At  the  same  time,  the  forms  may  be 
modified  by  two  processes  of  subordinate  importance,  by  9eparaiion» 
and  by  fvsions  which  afifect  the  cell-layers.  Vesicular  and  sac-like 
cavities  acquire  openings  by  the  thinning  out  of  the  wall  at  a  place 
where  the  vesicle  or  sac  lies  near  the  surface  of  the  body,  until  there 
is  a  breaking  through  of  the  separating  partition.  Thus  in  the 
originally  closed  intestinal  tube  of  Vertebrates  there  are  formed  the 
mouth-opening  and  the  anal  opening,  as  well  as  the  gill-defts  in 
the  neck-region. 

The  opposite  process — fusion — is  still  more  frequently  to  be 
observed.  It  allows  of  a  greater  number  of  variations.  We  have 
already  seen  how  the  edges  of  an  invagination  may  come  in 
contact  and  fuse,  as  in  the  development  of  the  auditory  vesicle, 
the  intestinal  canal,  and  the  neural  tube.  But  concrescence  may 
also  take  place  over  a  greater  extent  of  surface,  when  the  facing  sur- 
faces of  an  invaginated  membrane  come  more  or  less  completely  into 
contact,  and  so  unite  with  each  other  as  to  form  a  single  cell-mem< 
brane.  Such  a  result  ensues,  for  example,  in  the  closure  of  the 
embryonic  gUl-clefts,  in  the  formation  of  the  three  semicircular 
canals  of  the  membranous  labyrinth  of  the  ear,  or,  as  a  pathological 
process,  in  the  concrescence  of  the  surfaces  of  contact  of  serous 
cavities.  Moreover  fusions  may  take  place  between  sacs  which  come 
in  contact  with  their  blind  ends,  as  very  often  occurs  in  the  com- 
pound tubular  glands  {^g,  39  ^).  Of  the  numerous  lateral  branches 
which  sprout  out  from  the  tubule  of  a  gland,  some  come  in  contact 
at  their  ends  with  neighboring  branches,  fuse  with  them,  and 
establish  an  open  communication  with  them  by  the  giving  way 
of  the  cells  at  the  place  of  contact.  It  is  by  this  means  that 
branched  forms  of  tubular  glands  pass  into  the  net-like  forms  to 
which  the  testis  and  the  liver  of  Man  belong. 

In  addition  to  the  formtUion  of  folds  in  epithelial  layers^  which 
under  a  great  variety  of  modifications  determine  in  general  the 
organisation  of  the  animal  body,  there  were  mentioned,  as  a  second 
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^^U  dtvelopmenlal  pri7ieipl«  of  fundamaital  gignijicanc*,  Hivisum  ofh^iyr 

^^Barul  the  hittologuxil  differentiation  luteoetateil  iml/i  it.     In  ordtx  to 

^^V  understand  fully  the  sigiilficiiuce  of  this  prinpiplp  in  development, 

^^M  W^  must  proceed  from  tbe  thpsid  thnt  the  lift:  nf  ail  orgnnic  bodies 

^^K  capreeses  itself  in  ft  stries  of  various  duties  or  functions.     Organisms 

^H  take  to  themselvts  substances  from  without ;  they  incorporate  in  their 

bodieB  that  which  is  serviceable,  and  eliminate  that  which  is  not 

(function  of  nutrition  and  metastasis) ;  they  can  alter  the  form  of 

their  bodies  by  contraction  and  extension  (function  of  motion)  ;  they 

are  capable  of  reacting  npon  external  stimuli  {function  of  sensibility) ; 

they  pomeas  the  ability  to  bring  forth  new  organisms  of  their  own 

kind  (function  of  reproduction).  In  the  lowtnt  multioellular  organigms 

I  each  of  the  individual  parte  dischai'gen  in  the  eame  manner  an  the 
Dthera  the  enumerated  functions  necessary  for  organic  life;  but  the 
more  highly  an  organism  is  developed,  thn  more  do  we  see  that  its 
mdividual  cells  differentiate  themselves  for  the  duties  of  life,^that 
■ome  assume  the  function  of  nutrition,  others  that  of  motion,  others 
llbat  of  sensibility,  and  still  others  that  of  reproduction, — and  that  with 
tltis  division  of  labor  is  likewise  joined  a  greater  degree  of  oom- 
|»leteness  in  the  execution  of  the  individual  functions.  The 
development  of  a  speciiillsed  duty  likewise  leads  invariably  to  an 
lUtered  appeamnoe  of  the  cell :  u-ilJi  the  physiological  divition  of 
labor  there  alu-ayt  goea  hand-in-hand  a  jnorphalogi^  or  hielologieal 
differentiation. 

Elementary  parts  which  are  especially  concerned  in  the  duties  of 
nutrition  are  distingiiislied  as  gland-cells  ;  again  others,  which  have 
developed  the  powir  of  contractility  1«  a  greater  extent,  have 
^^M  become  muscle-cells,  others  nerve-cells,  others  sexual  cells,  etc.  The 
^^HMlla  which  are  concerned  in  one  and  tbe  same  duty  are  for  the  most 
^^Hjiftrt  associated  in  groups,  and  constitute  a  special  tissue. 
^^H  Thus  the  study  of  the  embryology  of  an  organism  embraces  chiefly 
^^V  two  elements :  one  is  the  study  of  the  development  of  form,  the 
^^Hvecond  the  study  of  histological  differentiation.  We  may  at  the 
^^Vsame  time  add  that  in  the  case  of  the  higher  organisms  the  morpho- 
^^B  lexical  changes  are  accomplished  principally  in  the  earlier  stages  of 
^^K  d^elopment,  and  that  the  histological  diffei-entiation  takes  place  in 
^^^  Ih*  final  stages. 

A  knowledge  of  these  leading  principles  will  mateiially  facilitate 
the  comprehension  of  the  further  processes  of  development. 
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CHAPTER  V. 


DEVELOPMENT  OF  THE  TWO  PRIMARY  GERM-LAYERS. 

(  QASTRJEA'THEORY.) 

The  advances  which  are  brought  about  during  the  next  stages  in 
the  development  of  the  blastula  depend  primarily  upon  prooeuea  of 
folding.  By  these  means  there  arise  larval  forms,  which  are  at  first 
composed  of  two,  and  afterwards  of  four  epithelial  membranes,  or 
germ-layers. 

The  larval  form  which  is  composed  of  two  germ4ayer8  is  oaUed  the 
gastTTula.  It  possesses  an  important  developmental  signification, 
because,  as  Haeckel  has  shown  in  his  celebrated  CtastrsBa-Theory, 
it  is  to  be  found  in  each  of  the  six  chief  branches  of  the  animal 
kingdom,  and  thus  furnishes  a  common  starting-point  from  which 
along  diverging  lines  the  separate  animal  forms  may  be  derived. 
As  with  blastulie,  so  in  the  case  of  the  gastrula  four  different 
kinds  can  be  distinguished,  according  to  the  abundance  and  the 
method  of  distribution  of  the  yolk.  Starting  ivoxn.  a  simple  funda- 
mental form,  throe  further  modifications  have  arisen,  all  of  which, 

with  the  exception 
of  a  single  one  which 
is  characteristic  of 
many  Arthropods, 
are  to  be  encoun- 
tered within  the 
phylum  of  Verte- 
brates. 

The  simplest    ofnd 
most  primitive /omiy 
with   the   considera^. 
tion    of    which    we 
have     to    begin,    is 
found    only    in    the 
development  of  Am- 
phioxus  la/nceolahis. 
As  has  been  previously  shown,  its  blastula  is  composed  of  cylin- 
drical cells,  which  are  closely  joined  into  a  single-layered  epithelium 
(fig.  43).  At  one  place,  which  may  be  designated  as  the  vegetative  pole 
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^(Ff),  the  cells  (»;)  are  somewhat  larger  iiad  more  turbid,  owing  to 
the  yolk-grauiiles  lodged  in  them.  The  proc<«8  of  the  formation  of 
the  gttStrula,  commenceB  at  this  place.  The  vegetative  surface  beginc 
at  first  to  be  flattened,  and 
then  to  be  pushed  in  towiird 
the  middle  of  the  sphere. 
By  the  adviincp  of  the 
invagination  tiie  dcpresaioa 
grovra  deeper  tind  deeper, 
while  the  cleavage-cavity  be- 
oomeu  to  the  same  degree 
diminished  in  size.  Finally, 
the  invaginated  portion  (fig. 
44  He)  comes  in  contact  with 
the  inner  surface  of  the 
invaginiited  portion  (ak)  of 
the  blastulu,  und  completely 
obtiteratt«      the      cleavage- 

Oftvity.     As  a   result   there   has   been    formt^d  out   of  the  hollow 
with  a  single  wall  a  cnp-dliaped  germ  veith  double  walla^ 
'the  gastrulu. 

The  cavity  of  the  gastrola,  which  results  from  the  invagination  and 
is  not  to  bv  confounded  with  the  cleavage-cavity  which  it  has  sup- 
planted, is  the  primitive  intestine  (archenteron)  (i"i),  or  the  intestino- 
body  cavity  (coelent^ron).  This  opens  to  the  outwide  through  the 
itive  mouth  (mouth  of  the  archeutei-ou,  blastopore)  (u). 
Inasmuch  ax  the  names  pi-imitive  iutestine  and  primitive  mouth 
Blight  easily  give  rise  to  erroneous  conceptions,  let  it  be  remarked,  in 
order  to  preclude  from  the  start  such  an  event,  that  the  cavity  and 
its  external  opening  which  arise  by  this  first  invagination  are  not 
equivalent  to  the  intestine  and  mouth  of  the  adult  animal.  The 
archent«ran  of  the  germ,  it  is  true,  furnishes  the  fundament  for  the 
tnteetinal  tube,  but  there  are  also  formed  out  of  it  a  number  of  other 
I,  the  chief  of  which  are  the  subsequently  formed  thoracic  and 
ly  cavities.  The  future  destination  of  the  cavity  will  therefore  be 
;ter  expressed  by  the  term  "  aeleTiteron."  Finally,  the  primitive 
luth  is  only  an  evanescent  structure  among  veilebrated  animals ; 
,ter  it  is  closed  aud  dtsiipjiears  without  leaving  a  trace,  while  the 

■nt  or  secondary  mouth  is  hl  entirely  new  structui-e. 
The  two  cell-luyei-s  of  the  cup,  which  ore  continuous  with  each 
ler  at  the  edge  of  the  blastopore,  are  called  the  two  jtrimury 


^K  oavi 
Bd^ht 
V«he 
^  1 
ism 
plaL. 
^H  body 

W  '" 


86  EMBRYOLOGY. 

gerni'layera,  and  are  distinguished  according  to  their  pocdtions  as  the 
outer  (ok)  and  the  inner  (ik).  Whereas  in  the  blastula  the  individual 
cells  di£fer  only  a  little  from  one  another,  with  the  process  of  gastru- 
lation  a  division  ot  labor  begins  to  assert  itself,  a  fact  which  may 
be  recognised  in  the  case  of  the  free-swimming  larvn  of  Inver- 
tebrates. The  otUer  gemi-layer  (ak)  (also  called  ectobkut  or  ectoderm) 
serves  as  a  covering  for  the  body,  is  at  the  same  time  the  organ  of 
sensation,  and  effects  locomotion  when  dlia  are  developed  from  the 
cells,  as  is  the  case  with  Amphioxus.  The  inner  germ-layer  {ik) 
{entoblast  or  entodenn)  lines  the  ccelenteron  and  provides  for  nutri- 
tion. The  cell-layers  thus  stand  in  contrast  to  each  other  both  as 
regards  position  and  function,  since  each  has  assumed  a  special  duty. 
In  view  of  this  fact  they  have  been  designated  by  0.  £.  voN  Baeb 
as  the  two  primitive  organs  of  the  animal  body.  They  present  us 
with  a  veiy  instructive,  because  very  simple,  illustration  of  the 
manner  in  which  two  organs  originate  from  a  single  fundament. 
By  invagination  the  undifferentiated  cells  of  the  surface  of  the 
blastula  are  brought  into  different  relations  to  the  outer  world,  and 
have  consequently  been  compelled  to  follow  different  courses  in  their 
development,  and  to  adapt  themselves  to  special  duties  corresponding 
to  the  new  relations. 

The  separation  of  the  embryonic  cell-material  into  the  two  primi- 
tive organs  of  von  Baer  is  of  decisive  significance  for  the  whole 
subsequent  course  of  the  development  of  the  individual  cells.  For  a 
very  definite  portion  of  all  the  ultimate  organs  of  the  body  is  refer- 
able to  each  of  the  two  primitive  organs.  In  order  to  put  this  im- 
portant condition  in  the  proper  light  at  once,  let  it  be  stated  that  the 
outer  germ-layer  furnishes  the  epithelial  covering  of  the  body,  the 
epidermis  with  the  glands  and  hair,  the  fundament  of  the  nervous 
system,  and  that  part  of  the  sense  organs  which  is  functionally  most 
important.  On  this  account  the  older  embryologists  imposed  upon  it 
the  name  of  dermo-sensory  layer.  The  inner  germ-layer,  on  the 
contrary,  is  converted  into  the  remaining  organs  of  the  body — ^into 
the  intestine  with  its  glands,  into  the  body-cavity,  into  the  muscles, 
etc. ;.  by  far  the  greater  mass  of  the  body,  therefore,  is  differentiated 
out  of  it,  and  it  has  to  pass  through  the  most  numerous  and  the  most 
trenchant  metamorphoses.* 

*  The  practice  of  diKtinguishing  the  outer  and  the  inner  germ-layers  as  animal 
and  vegetative,  which  was  formerly  in  vog^ie  and  is  followed  even  now,  is  not 
proper,  and  ought  therefore  to  be  given  up.  For  the  transversely  striped  muscu- 
lature of  the  body,  which  belongs  to  its  animal  organs,  does  not  arise  from 
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Lftrval  fonoB  quite  like  that  of  AMiphioxus  have  also  been  observed 
in  the  oast.-  of  Invert^bi'ates  belonpng  to  the  phyla  of  CCTlenterata, 
£chinodermatA,  Vermn;,  and  Brachiopoda.  For  the  most  part  they 
quit  the  ^g-eiivi>lope,  tven  in  the  gaatrula  stage,  to  awim  about  in 
the  water  by  means  of  their  cilia  ;  and  they  can  now  take  ntitritivB 
Bubativbces— small  infusoria,  algw,  or  remnants  of  larger  aiumala — 
through  the  primitive  mouth 
into  the  digestive  cavity,  and 
make  use  of  them  in  the  fur- 
ther growth  of  their  bodies. 
Likewise  the  siibatanct'ii 
which  ai-e  not  eerviceablf  Ih - 
cauae indigestible  ore  ojei-t'  il 
from  the  body  through  1 1 
same  oriSoe.  In  the  cu- 
of  the  higher  animals  tl.< 
jagestion  of  food  is  not  onl; 
impossible  at  this  time.,  Im. 
ftlso  superfluouii,  because  tbe 
(^  and  the  embryonic  cells 
Hrisiflg  from  it  still  contain 
jollt-granulef,  which  are 
gnidiially  consumed. 

The  modifications  which  gattndaiioii.  uiulvrgota 
cnoly  rt^fenible  to  the  simpler  conditions  in  Amphio. 
't£  the  Water- Salamander,  which  is  to  serve  as  an  ilhutration  in 
description,  one  half  of  the  blaatula  (fig.  45),  which  is  caUett 
the  animal  half,  is  thin-walled  and  composed  of  sniall  cells,  which 
lie  in  two  or  three  layers  one  above  another,  and  in  the  case  of 
the  Frog  contain  black  pigment.  The  other,  or  vegetative  half  (dz), 
exhibits  a  greatly  thickened  wall,  composed  of  much  larger,  more 
deutoplasmic,  polygonal  cells  {d"),  which,  loosely  associated  in  several 
layers,  cause  a  protuberance  into  the  cavity  (fk)  of  the  blastula, 
which  18  proportionally  diminished  in  size.  Where  the  differentiated 
hftlvee  meet,  a  transition  is  effected  by  means  of  cells,  forming  what 
Goim  lias  designated  marginal  zone  {rz).  Inasmuch  as  the  specific 
gravity  of  the  animal  half  is  much  leas  than  that  of  the  opposite 
pif,  it  is  without  eseeption  directed  upward  in  water.     The  former 

r  germ-layer,  as.  in  eonsei] Hence  of  false  obKcrvation?,  was  fornierlj 
believel,  but  tathcr  from  the  primary  inuer  germ-lajcr,  an  haa  now  been  eBta- 
ished  by  many  observation:^. 
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contitituUH  the  tliinner  roof,  the  latter  th«  highly  thickened  fioor,  of 
the  excentriwdiy  plactd  cleavage-cavity. 

When   the  gaxtrula    begins   to   be    developed,   the    inTaginAtion 
taket)  place  on  one  side  in  the  marginal  zone  (fig.  46  u),  and  ia 
dintinguishable  externally  by  means  of 
a  sharp,  afterwards  hoTseBho»«haped 
furrow,  which  is  bounded  on  one  aide 
by  small  cells,  which  in  the  case  of 
the   Frog   contain    black  pigment,  on 
the  other  side  by  large  unpigmeuted 
elements.     At  the  fissure-like  blasto- 
pore there  are  infolded  into  the  interior 
Hf.  a.  ijr".(  Trit«,  «bkh  U     of   the   blastula  (fig.  47  «)  along  it* 
fiun.  tfa»  mrfK-.'  "™     dorsal   lip  (dl)   small   cells,   along  it« 

■.i-riiDiUvn  month  (Wmi«i««).  ventral  lip  (irf)  the  lai^e  deutoplaamic 

elements  of  the  vegetative  half ;  the 
former  constitute  the  roof,  the  latt*>r  the  floor,  of  the  ccclenteron  (wd). 
The  latttrr  appears  in  the  first  stages  of  the  invagination  simply  aa 
a  narrow  fissure  alongside  the  capacious  cleavage-cavity  (/A) ;  soon, 
however,  it  causes  a  com- 
plete obliteration  of  thw 
cavity,  the  fundus  of  the 
invagination  becoming 
enlarged  into  a  broad 
sac,  while  the  entrance 
always  remains  narrow 
and  fissure-like.  Since 
the  coilenteron  of  the 
Amphibia  was  first  ob- 
served by  the  Italian 
investigator,  RuscoNi,  it 
is  ordinarily  mentioned 
in  the  older  writijigs  us 
RuscoNi's  digestive 
cavity,  and  the  blasto- 
pore likewise  as  the  auieDicron. 
BuscoNiAN  anus. 

At  the  close  of  the  pi-ocees  of  invagination  the  whole  yolk-ma.ss,  or 
the  vegetative  halt'  of  the  blastula,  has  been  taken  into  the  interior 
to  form  the  lining  of  the  ccelenteron,  being  at  the  same  time  over- 
grown by  a  layer  of  small  cells  (tig.  48).    In  the  case  of  the  Frog  the 


rif.  «T.— LaBflitaliiil  [lacittal]  Motiga  thnsfb  u  iff 
of  Triton  At  tlw  befinBinf  of  f&vtrvUtioii. 
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Irhol^  BMrfttce  of  the  gtrm,  with  the  exception  of  a  small  place  about 

as  [BTge  as  the  lieml  of  u  pin,  which  correspontU  to  the  blastopore, 

^^now  appeura  bliick,  bi'cause  the  small  t'elLs  »re  deeply  pigmented.    At 

^Hihe  ptnoe  excepted  a  part  of  the  unpigment«d  ynlk-mnss  protrudes 

^HUirnugh     the     blastopore 

i 


of 

E 
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id  clones  the  entrance  to 
M  if  with  ft  Htopper  (d), 
reason    of    which    it 
the  Bignificant  oame 
of  vitelline  plug. 

Of  the  two  germ  liijer* 
of  the  gaetinila  the  outer 
ibaequently   becomes  rt 
1  in  thicknexh  in  the 
of   the   Watei  Sala 
tnfuider  to  a  single  la^er 
of      regularly      arrangid 
oylindncal   <!l11b    w  hereaa 
in  the  case  of  the  t  i-og  it  ^  middiB  n""  tv"  "     "'^ " 

composed  of  two  or 
'tltree  layers  of  hinall  in  part  cubical,  deeply  pijjmentid  elements. 
The  inner  germ-lnyer  in  the  roof  of  the  cwlenteron  likewise  consietn  of 
small  {in  the  Frog,  pigmented)  cells,  but  in  the  floor  it  ia  composed 
erf  large  yolk-cells,  which,  heaped  together  in  many  layera,  pro- 
duce an  elevation  that  pi-ojects  far  into  the  ctelenteron  and  partly 
fills  it.  For  this  reason  the  giuttrula  in  Amphibia  is  compelled 
to  adopt  in  water  a  definite  position  of  rest,  because  the  yolk-mass, 
being  the  heavifv  part,  always  nsHumes  the  lowest  poisitioii  (fig.  48). 
The  germ  of  the  Amphibia  is  already  a  bilaterally  symmetrical 
ii'kened,  yolk-containing  wall  of  the  goHtrula  becomes 
"the  ventral  side  of  the  adult  iinimal ;  the  opposite  wall,  or  roof  of 
the  coelenteron,  becomes  the  doi«um.  The  blastopore  indicates,  us 
the  sequel  show.-*,  the  pusteriur  end,  the  opposite  part  the  head-end. 
There  may  therefore  be  passed  through  the  gaatrula  a  longitudinal, 
a  doTHO- ventral,  uiid  a  trauevei'se  axis,  which  eorresfwnd  with  the 
AXee  of  the  adult  animal.  This  biloteral  Rymuietry,  which  appears 
0  early  in  the  Amphibia,  is  solely  attributable  to  the  accumulation 
(  yolk-matci-ial,  and  to  the  piling  up  of  it  on  the  ventral  side  uf  the 
nlenteron. 
The  development  of  Amphibia  furnishes  us  with  a  transitional 
Hidition,  whicli  is  serviceable  for  the  comprehension  of  tho  much 
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more  highly  altered  f  orm^  which  the  gaitrula  aequutt  in  tht  oaae  of 
eggs  with  partial  cleavage  in  the  dat»ei  of  SdaiMi,  TAeo^,  Reptiiei, 
and  Birds. 

The  coaditions  are  the  most  readily  intelligible  in  the  case  of  the 
Sdaehiana.     That  which  we  have  deecribed  in   the  blaatala  of  the 
Amphibia  as  the  roof  of  the  cleavage-cavity  is  in  the  blastula  of 
the   Selachians  a 
V  ill  Is  M  H      email  diao  of  em- 

bryonic cells  (fig. 


49  kz),  oontinuone 
at  ita  margin  with 
the  extraordi- 
narily voluminous 
yolk -mass  (di), 
which  contains 
nuclei,  although  it 
IS  not  divided  np 
into  cells.  This 
yolk-masa  corre- 
sponds to  the 
yolk-cells  of  the 
Amphibia  and  hke  the  latter  foi  ms  the  fioor  of  the  cleavage-cavity 
(B)      Germ  disc  and  yolk  thus  together  constitute  a  sac  with  an 
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tig.  U — Mtdiwi  HeliHi  thnmfli  ■  |«im-llM  af  PriaUnr**,  in  wUah  tb*  gulnlai  iawfjaMiim 

hAibafiiB,  After  IlL'ijHhRT, 
ud,  Pimt  rudiment  of  ths  otelentBTun :  B,  cl«v«ge^Hv)iy ;  ill,  jolk-DHolai  ;/il,  Hnalr  gnnnlar 
jvik  ;  ffd,  txMTMl;  grumUr  yolk  »  y  uid  H^  frdat  uid  hind  mivslDt  of  the  gtna-diMC 

ftlmoHt  obliterated  cavity  (B),  and  with  waIIs  diSeriiig  in  thickness 
and  in  differentiation.  A  very  Kmall  part  of  the  wall,  the  germ-disc, 
consists  of  ct^llrt.  The  much  larger  and  thicker  portion  is  yolk-mass, 
which  ill  the  vicinity  of  the  cavity  contains  nuclei,  but  in  not  divided 
into  cells. 

As  in  the  Amphibia,  so  hei'C,  the  gastrulatiou  begins  at  what 
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mbsequpntly  the  liiudend  {H)  of  the  embi7o,  ot  a  region  in  the 
i  of  tmnsition  or  tnargin  of  the  germ-disc,  in  which  the  most 
'rfioUl  (sella  have  assumed  the  cylindrical  form,  and  ai-e  closely 
Uied  toother  (fig.  49).  The  tniirgin  of  the  diM;  ia  folded  in 
50)  toward  the  cleavage-cftvity  (B),  no  that  a  small  crplen- 
D  {tid),  shown  in  the  accompanying  section,  and  a  fi.%iii-e< 
■  blastopore  are  distinctly  I'ecognisable.  The  neighboring  yolk 
participates  in  the  invagination,  since  in  the  teiTitory  of 
Kine  of  traiieition  the  yolk*nuclei  (dk),  enveloped  in  pmtophism, 
become  detached  from  the  yolk,  grow  into  the  cleavage-cavity  along 
with  the  invaginated  cells,  and  contribute  to  the  formation  of  the 
inner  gei-m-layer  in  a  similar  manner  to  that  in  which,  in  the  cose  of 
Ibe  Amphibia,  the  vegetative  celltt  at  the  lower  Up  of  the  blastopore 
e  carried  in  with  the  invagination  into  the  cleavage-cavity.  The 
savage-cavity  (B)  is  being  continually  encroached  upon  by  the  in- 
rowth  of  the  cells  originally  in  its  roof,  which  form  a  continuotis 
•  projecting  from  behind  forward.  Consequently  in  the  Sela- 
ians  also  the  gtTm-<iisc  liecomcs  two-layered  as  the  result  of  the 
invagination.  It  lies  so  close  upon  the  yolk,  that  the  cslenteron 
appears  at  most  as  a  fissure.  Moi'eover,  the  invagination  in  the 
Selachians  does  not  remain  limited  to  oue  region  of  the  original 
margin  of  the  germ-disc,  but  soon  stretches  itself  out  over  its  whole 
posterior  perimeter.  The  blastopoi-e  then  appeai-s  as  a  large  semi- 
circular or  horseshoe-sbapt'd  fissure  at  the  futni*  posterior  end  of  the 
embryonic  fundikmeut. 

The  enormous  thickness  of  the  yolk  causes  an  important  difTei-ence 
between  the  gastrulation  of  the  Selachii  and  that  of  the  Amphibia. 
e  of  the  latter  the  mass  of  the  yolk-cells  was  quite  rapidly 
i  in  with  the  invagination,  and  employed  in  the  formation  of 
e  ventral  wall  of  the  cielent^^roo.  In  the  Selachians  the  taking 
p  of  the  yolk  into  the  interior  of  the  body  ensues  only  at  a  slow 
rate  (iii  a  manner  to  be  more  accumtely  explained  later),  so  that  for 
a  long  time  only  the  dorsal  fide  of  the  gastrula  consists  of  two  cell- 
layers,  whereas  the  ventral  wall  is  formed  by  the  yolk-mass. 

The  eggs  of  Teleiists  are  vei-y  nearly  related  to  those  of  Selachians 

in  their  whole  method  of  development.      The  same  cannot  be  said 

—to   be   true    to    the  same   extent   for  the    eggs  of   Keptiles  and 

The  latter,    indeed,  also  belong  to  the  nieroblastic  type, 

B  they  have  developed  a  large  amoiuit  of  yolk,  and  in  consequence 

)  partial  segmentatiou ;  but  in  the  formation  of  the  germ- 

pjers,  they  exliibit  many  peculiaritiis,  so  thai  they  inquire  a  separate 
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trratmeat.  In  Birds  and  R^ptUce  the  investigittion  is  aooompuiied 
with  greater  difficulties  thui  in  the  SeUchiaoa.  FaiticoUrly  tdw 
development  of  the  genn-la^eis  in  the  Chick,  notwithstaoding  the 
fact  that  the  best  inveetigaton  have  given  it  their  attention,  haa 
for  a  long  time  been  the  trabject  of  very  divergent  descriptioDa,  At 
the  present  moment,  however,  the  main  facts  in  the  ca«e  have  been 
establiahed  for  the  Bird's  egg  also  by  the  wry  recent  and  ezcdient 
work  of  Duval,  and  upon  thla  as  a  basis  the  gastmlation  in  Birds  is 
easily  to  be  correlated  with  that  of  the  Teitebratea  hitherto  dcaaibed. 
Since  the  Bird'ti  egg  has  played  such  an  important  rdle  in  the  hJBUtrf 
of  embryology,and  has  even  bt«n called  a  claieical  object  for  investigft- 
tion,  it  appears  neceE«ary  to  go  briefly  into  the  eoitdMoTU  uA«A  it 
pretenU  in  tAe  gattrvla-ttagt,  and  in  connection  therewith  to  ccnaider 
some  of  the  important  remilts  drawn  from  the  stndy  of  the  eggs  of 
Keptiles. 

The  blastula  arises  and  the  germ-layers  begin  to  be  developed  out 
of  it  while  the  Bird's  egg  tarries  in  the  terminal  region  tA  the 
oviduct. 

The  bUstula  arises  in  a  manner  which  was  first  correctly  deooribed 
by  Ddval.  When  by  the  process  of  segmentation  a  small  disc  <rf 
cells  has  been  formed, 
there  appears  in  the 
latter  a  narrow  fissure^ 
the  cUavagt^iamty  (fig. 
51  /h),  and  the  cell- 
material  is  separated 
into  an  upper  layer  {dvi) 
and  a  lower  layer  (vw), 
which  are  continuous 
with  each  other  at  the 
margin  of  the  diss.  The 
upper  layer  consists  of 
fully  isdated  cleavage- 
sphercs,  which  are  flattened  at  their  surfaces  of  contact  and  arranged 
into  an  epithelium-like  layer.  They  correspond  to  the  tbin-walled 
half  of  the  blastula  in  Triton  (fig.  46),  whic^  has  already  been 
designated  as  the  animal  half.  The  lower  layer  is  composed  of 
larger  cleavage-spheres,  which  are  still  in  great  part  continuous 
by  means  of  their  lower  halves  with  the  white  yolk  (uKf),  which 
is  spread  out  beneath  the  germ-disc  and  is  known  as  Fandkb'b 
nucleus.      Yolk-nuclei  (merocytes)   arc  also  foimd   here  in  great 
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nomben,  eepednlly  around  lliB  wholo  periphery  ot  the  genu-di;7C. 
Since  they  incre&se  in  number  by  nuclear  divixion,  and  since 
some  of  them,  t^nvfloped  in  protoplasm,  become  detached  from  the 
they  contriliate  to  the  continuous  growth  of  the  germ-disc,  a, 
which  has  already  (p.  65)  been  descrilxfd  as  supplementary 
'dcnvage.  The  lower  cell-layer,  together  with  the  whole  yolk-moas 
with  its  free  nuclei,  must  be  compared  to  the  vegetative  half  of  the 
blastula  of  Triton  (fig.  45  dz). 

Tlie  gastrulation  proceeds  from  the  posterior  margin  of  the  germ- 
^Bc,  and  begins  even  some  time  before  the  egg  is  laid.  Tlie  study 
ooupled  with  great  diiHculties,  and  demands,  most  of  all, 
it,  in  the  investigation  of  the  disc  by  means  of  sections,  one  should 
be  accni-ately  informed  concerning  the  position  of  its  anterior  and 
posterior  margins.  The  orientation  is  essentially  facilitated  by  the 
fact  that,  in  the  cfl*e  of  every  Hen's  egg,  with  rare  exceptions,  the 
toward  which  the  front  end  of  the  embryo  is  directed  <»n  be 
,ted  accurately  before  openmg  the  shell.  This  results  from  tiie 
llowing  rule  established  by  Kuppper,  Roller,  Gbklach,  and  DtivAU 
When  one  so  places  an  egg  in  front  of  him  that  the  blunt  pole  is 
tnme«l  to  the  left,  the  more  pointed  one  to  the  right,  then  a  line 
uniting  the  two  poles  divides  the  germ-disc  into  a  half  on  tJie  side 
'«rd  the  ohsei-ver,  which  becomes  the  hind  end  of  the  embryo,  aud 
forward  half,  which  is  developed  into  the  head-end.  By  taking 
account  this  rule,  one  can  establish  a  diiference  on  the  gei'm- 
even  during  the  process  of  cleavage.  In  the  anterior  region  the 
,vage  taJces  place  more  slowly  than  in  the  post«rior  half.  Oon- 
[□ently  largei'  embryonic  cells  are  found  in  front,  smaller  and 

ones  behind  (Obllacbi&,  Kollikbb,  Duval). 
The  difference  between  anterior  and  posterior  becomes  more  evident 
at  the  beginning  of  gastrulation.  If  one  now  examines  carefully  the 
thickened  mai^n  of  the  germ-disc  (Eandwulst  of  German  writers, 
boiarelet  blastodermique  of  Dcval),  it  ia  seen  that  the  disc  is  limited 
in  front  and  on  the  wdes  by  a  notched  and  indistinct  boundary, 
but  behind,  on  the  contrary,  by  a  sharper  contour.  The  latter 
is  caused  by  the  fact  that  the  marginal  ridge,  in  consequence  of  a 
more  vigorous  gi'owth  of  the  cells,  has  become  thiekennl  and  more 
opaque,  and  has  assumed  a  whiter  colour.  It  is  distinctly  recognisable 
from  its  surroundings  as  a  whitish  cresceutic  figure  (fig.  52  A  «). 
Often  there  is  also  observable  in  the  crescent  a  narrow  furrow,  the 
creecentic  groove  (Sichelrinne,  Kolleh),  by  means  of  which  the  germ- 
acquires  a  still  sharper  limitation  Iwhind. 


DuTAL  hna  proved  by  means  of  sections,  part  of  which  was  made  in  ] 

*  tra-iiHWrse  direction,  and  part  in  thcsagittal,  ibat  the  Bii'd's  egg  is   I 
now  in  the  gastniln,  Btage.    Especially  iimtrudive  are  the  two  mwliMn 

9:'  #; 
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nectiouB,  figs.  53  and  54.    As  is  U>  be  seen  at  once  in  fig.  53,  which  re-   , 
preaenta  the  somewhat  younger  stage,  the  oresoentio  groove  deecribed 
OS  occupying  the  posterior  part  of  the  marginal  ridge  {vl)  is  continued   ' 
in  the  form  of  a  narrow  fiaswre  (wri).     Whereas  iji  the  blaatida  stage 
(fig.  51)  the   lower  cell- 
*'  "'  "''  °''  "*      "''         '^  '"'         layer  passed  over   con- 

tinuously into  the  white  ' 
yolk,  it  ia  now  sharply 
separated  from  it  ae  far 
as  the  fissure  extends. 
In  fig.  53  this  separation 
has  been  completed  only 
in  the  posterior  half  of 
the  germ-disc ;  in  the 
anterior  half,  on  the  ct 
trary,    embryonic    ceJla 

rud"rr-:"U3<L^T"f«ir,;"r'.rsrup  f*^*  ■""'  >''''^  *■*  ^^'^ 

Btih«pi»«ufiiiv«gin»uun(iT™oBotio|{iuu.ooibiMtopora).  Continuous.  However, 
in  the  somewhat  older 
stage  (fig.  54)  the  connection  is  terminated  in  this  region  rIbci, 
since  the  fissure  (ud)  lias  extended  itself  nearly  to  the  anterior 
margin  of  the  disc  (jjt).  In  consequence  of  this  process  the  part  of 
the  white  yolk  which  lies  beneath  the  fissure  has  become  de«tituteof 
cells  and  nuclei,  with  the  exception  of  the  marginal  territory,  where, 


(CaHulli  ^Inu),  afla 
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eepedallj  behind  {hi)  t  hfi  crescentic  groove,  fi-ee  nuclei  are  constnotty 

to  be  found  ki.'eping  up  tlie  suppIementaiT'  cleiivuge. 

Owing  to  the  appearance  of  the  new  fissure  (aubgerminnl  cavity) 

(fig.  53  vd),  the  (ileuvagc-cRvity  (lig.   51  Jh)  is  almost  completely 

obliterated.      The    two    cell -layers    of    the  

btastula-etage  (fig.  51  rfio,  vw),  described  as 
L  lying  one  above  and  one  below  the  cleavage- 
■mvity,  have  come  close  together  (figs.  53 
Fftnd  64),  being  separated  from  each    otlier 

by  only  a  narrow  fissure.      In    the   upper 

layer  (aJt)  the  cells  have  assumed  a  cubical, 

and  at  a  somewhat  later  stage  a  cylindrical, 

form,  and  constitute   a   compact  epithelial 

membrane.    The  lower  layer  (tit)  is  composed 

of  larger  roundish  and  loosely  arranged  cella 
f  in  several  layers.  The  former  is  the  primary 
■niter  germ-layer,  the  latter  the  inner  layer, 
rln  the  region  of  the  poaterior  marginal 
■xidge  (vl),  where  the  cells  are  at  the  same 
engaged  in  more  active  proliferation, 
I  two  layers   are   continuous   with   each 


The  highly  important  processea,  by  means 
E  which  are  produced  the  conditions  repre- 
.n  figs,  53  and  54,  preBent  many  points 
F  comparison  with  the  gastrulation  of  the 
Jelachiana  and  Amphibia.  We  can  conci>ive 
■that  the  newly  appearing  fissure  has  arisen, 
as  in  the  case  of  the  genn-disc  of  Pristiurus 
(fig,  GO),  by  an  infolding,  in  such  a  way  that, 
aa  in  the  former  case,  cells  grow  inward  from 
the  posterior  marginal  ridge ;  and  that  at 
the  same  time,  at  the  deep  part  of  the  in- 
vagination, the  cells  which  are  originally 
continuous  with  the  yolk  (fig.  63  dk)  detach 
themselves  from  the  latter,  and  are  employed  for  the  increase  of  tbe 
inner  germ-layer. 

If  this  explanation  is  correct,  the  fissure  (la/)  which  now  exists  bf- 

tween  the  inner  germ-layer  and  the  floor  of  the  yolk  corresponds  to 

the  cffilenteron,  as  Goftte  and  Racber  have  already  remarked,  and 

i  DfVAL  has  tor  the  first  time  demonstrated  ;  moreover,  the  cres- 


Folding.     Only  by  means  of  tlie  theory  of  infolding  ciiu  he  ex- 

d  the  differi-nt  (jonditioiis  of  the  anterior  and  posterior  m&rginij 

(■  gerni-disr,  ihi-  more  active  cell-growth  in  the  territory  of  the 

,  Iht  existence  of  a  crescentic  groove,  and  the  continuity 

two  primnry  geptn-laycrs   which   is   demonstrable  in  that 

Only  by  means  of  this  theory,  finally,  is  the  relation  of 

a  U>  the  lower  claseee  of  the  Vertebrates  made  possible. 

e  discoveriex  which  Kupffeb  dsd  Eeneckb  have  made  in  their 

itioHB  of  Reptiles,  which  ni-e  so  dosely  related  to  Birds,  also 

contribute  ta  the  elucidation  of  the  pending  controversy.    In  the  Cftsc 

of  Laci-rta  agilia  (fig.  55),  Emys  eitropcea,  et-c.,  there  is  found,  as  in 

Uie  case  of  the  Hen  at  a  corresponding  stage  of  development,  at  the 

[jboimdaiy  of  the  pellucid  and  opaque  areas  of  the  posterior  end  of 

Iwie  germ-disc,  an  exuberant  cell-growth  in  the  form  of  a  crescent  (»). 

Bin  the  middle  plane  and  slightly  in  ft'ont  of  this  crescent  there  is 

Ite  Im  aeva  a  aniaU,  Iraneverselt/  placed,  JUture^ike  opening  (u),  le/neU 

Kndt  into  a  blind  aae  and  it  comjiarable  to   the  oreteentie  graovt, 

BXnprrKR  rightly  interprets  the  opening  aa  the  blastopore,  which  is 

bnclospd  bct"»-een  an  anterior  and  a  posterior  lip,  and  the  cavity  as 

Hhe  cffilenteron.      He  also  drawn  a  eomparimn  between  the  oorre- 

iMMmdiiig  structures  in  Birds  and  Reptiles.*' 

I  Let  HE  now  direct  our  attention  to  the  succeeding  developmental 
Bitegcs  of  the  germ-disc  of  the  Chick.  These  consiei,  chiefly,  in 
B|  constant  increai^  of  the  superficial  extent  of  the  disc. 
m  In  the  freshly  laid,  iinincubated  egg  (fig.  54)  the  outer  germ-layer 
BfaJt)  ia  composed  of  a  ringle  sheet  of  closely  united  cylindrical  cells ; 
hhe  inner  layer  (ik\  on  the  contraiy,  consistfi  of  a  two-layered  to 
Efiiroo-layered  bed  of  somewhat  flattened  elements,  which  are  only 
ftbosely  aceociated. 

B  Under  the  iutluenco  of  incubation  the  superficial  extenaion  of  the 
^term-disc  makes  rapid  advances  (fig.  56).  In  this  process  the  outer 
^krm-Uf  er  {ak)  outstrips  the  inner,  and  terminates  in  a  region  of  the 

^B  *  tn  the  iDtaTpretatlon  nf  the  manner  in  which  the  invagination  lakes  pl.ice 
^b  Ui«  caw  of  the  ^ga  of  Reptiles  ami  Birdx,  1  'lifter  from  other  investigifttora 
^nrbo  alw>  tnuDt^u  that  a  gastmlation  takes  place  (Goktte,  Haeckul, 
KKadbks,  BAi.rouB,  and  others).  They  i^ard  the  whole  mai^^  of  the  genn- 
nttM  a>  the  blaitopore,  at  which  the  ont«r  ^rm-layer  bend«  over  to  become 
MIXMit'niiniin  with  the  inner  lavcr.  According  to  m;iat«rpretatioi].  the  Invagina- 
^Mon  occvn  at  ii  nuBll  circumticribed  (ilam  of  the  mai^iii.  The  hlastopon?  Ik 
^SomttiobeginDlnganrroondedhyoollBbnth  on  its  anterior  and  its  posterior  lip. 
■n>e  rdatioQ  of  thu  bluslnpore  a»  well  m  Lhat  of  the  gertn-Iavera  U>  the  yollc 
EriU  he  more  full"  dealt  with  lieresflei. 
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yolk  where  the  l&tter 
hat)  not  yet  undergone 
division  into  entodcamic 
cells.  In  the  form  of 
itH  cells  it  is,  in  every 
respect,  in  sharp  oon- 
tmst  with  the  inner 
layer.  While  the  ecto- 
dermic  <<lls  <fig.  56aJc 
attain  their  greatest ' 
height  in  the  middle 
of  the  germ-disc,  they 
gradually  decrease  in 
height  toward  the  mar- 
gin, nnd  undei^  a 
tranaition  into  cubical 
and  finally  into  flat- 
tened elements  (fig.  57). 
The  reverse  is  the  case 
with  the  inner  germ- 
layei-;  the  latter  has 
now  become  converted  in 
the  middle  of  the  germ- 
disc  (fig.  56  ik)  into  a 
uingle  layer  of  much 
flattened  ecale-tike  cells, 
which  are  closely  united 
into  a  thin  membrane. 
Towmd  the  periphery 
thi'V  iM't^me  somewhat 
linger  jind  niOrc  poly- 
gonal {lig.  57),  smdhere, 
at  some  distance  inside 
the  free  mitrgin  of  the 
outer  germ-layer,  they 
become  merged  in  the 
white  yolk  {dw),  which 
is  abundnntly  provided 
with  yolk-nuclei  {di)  in 
the  region  of  the  transi- 
tion.   This  region  of  the 
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yolk  is  dpsigiiati'J  as  th--  yolk-wiiU  (vitfllin.-  iiimiiiirt).  Il  servcn 
fur  tLo  nugmentiitiou  of  the  inner  germ-layer,  in  that  the  li'et- 
ntidei  increase  in  number  by  division,  and  keep  up  the  process  of 
SHpplementary  clenvuge  already  mentioned, 

Puring  incubation  the  liquefaction  ot  the  yolk  miikeB  furllier  pru- 
greai  (Gg.  56)  and  leiule  to  the  formation  of  it  depression  (ittl),  which 
continually  increoaes  in  depth  and  brciidtii,  and  over  which  the  gtrm- 
dis(!  arches  like  a  watch-glass.  Upon  examination  from  the  surface 
itB  middle,  as  far  as  the  fluid  reachcti  under  it,  appears  clear  and 
Irannlucent,  whereas  the  marginal  area,  which  lien  ujxin  the  opaque 
yolk,  appears  dark.  Such  a  distinction  m  stiU  moi-e  observable  when 
one  detaches  the  whole 
genu-diiM  from  the  yolk, 
for  in  the  region  of  the 
fluid -filled  space  the  tbi]i 
^  Hid  transparent  germ* 
byen  come  off  easily  and 
^Blean  from  their  Hubatra- 
I  whereaK  at  the  riui, 
1  the  point  whore  the 

germ-layer     merges     '"' Xri^u'" J'l*'" '  ""'  ''"'"'°"'' '"'  J"""-"™'"  ■ 
with    the    yolk-wall    outr 

ward,  turbid  yolk -substance  remains  clinging  to  the  germ-disc.     For 

a  long  time  the  middle,  clear,  circular  area  has  been  designated 

in  nnbryology  iu>  the  clear  germinal  area  (area  pellucida),  and  the 

more  cloudy,  ring-like  rim  as  the  opaque  germinal  area  (area  opaca). 

In  the  next  chapter  I  ghall  treat  more  id  extenso  of  the  important 

Igee  which  take  place — up  to  the  lime  when   the  egg  is  laid 

I  during  the  first  houra  of  incubation — in   the  vicinity  of  the 

sntic  groove  and  the  anterior  lip  of  the  blaatojwre,  because  they 

e  connected  with  the  development  of  the  middle  germ-layer. 

It  18  still  more  diflicult  than  in  the  c-ase  of  the  Chick  to  interpret 

B  its  details  the  development  of  the  germ-laijera  in  Mammali,  and  to 

afer  it  back  to  the  gastrulation  of  the  other  Vertebrates.     Esptciul 

>  has  been  rendered  through  the  paiu.staking  invetitigatiun  ot 

theee  conditions :  in  the  earlier  timet*  by  Bischoff,  in  later  years  by 

'flEKaEN,  LtKBBBKl'ii!4,  VAN  Beneden,  Koluker,  and  IIeafb,     The 

object  of  investigation  which  has  l)een  made  use  of  in  this  work,  and 

iriiich  we  shall  employ  at,  the  bu^is  of  our  description,  has  iistially 

—been  the  Rabbit ;  beudee  this,  the  Bat  and  the  iSIole  have  also  been 

HiDployed. 
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Wliilf  (lie  ManiuitLlian  egg  ia  gradually  impelled  through  the 
oviduct  toward  the  uterus  by  the  dliary  motion  of  th«  epithelium,  it 
becomee  converted  by  llu-  cleavage  procesa  into  a  apherical  mase  of 
email  cells  (fig.  58  A).  Then  there  ariisen  within  it,  by  the  secretion 
of  II  iliiid,  a  small  flssuri>tike  cleavage-cavity  (fig.  58  B).  The  germ 
haE  consequently  entered  upon  the  vesiculiir  oi'  blaatula  Rlage.  Tha 
wall  of  the  blastula,  or  ve»cula  blaetodermica,  in  eom^KMed  of  a 
single  layer  of  polygonal  cells,  arranged,  an  has  been  known  nnce 
Bisuhopf's  workH,  in  moeiiuc,  with  the  exception  of  a  »<mall  region, 
where  the  wall,  as  in  the  case  uf  the  Amphibian  blusttilu,  is  thickened 
hy  an  accumulation  of  xuuewhut  more  granular  and  darker  cells, 


uof  KBabUUania 
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which  produce  a  knob-like  elevation  that  projects  far  into  the 
cleavage-envity. 

A  peculiarity  preiiminently  characteristic  of  the  further  develop- 
ment of  Slammals  is  that  here,  as  in  no  other  Vertebrate,  the 
hlostula  ineroasen  enormously  in  size  (fig.  59),  by  the  accumulation 
of  fluid  which  contains  much  albumen  and  producer  a  granular 
coagulum  upon  Lhe  addition  of  alcohol ;  it  noon  acquires  a  diametor 
of  I'O  mm.  Of  coaitie,  with  tbese  processes  of  growth  the  zona 
pellucida  is  altered  and  diKtended  into  a  thin  membrane.  A  gela- 
tinous layer  (;/i)  already  secreted  by  the  oviduct  envelops  the 
latter. 

In  RabbitM'  eggs  which  ore  a  millimetre  in  diameter  the  wall  of 
the  blastula  has  liecome  very  thin.  The  mosaio-like  cells  aiTBnged 
in  a  single  Inyer  have  become  very  much  flattened.     Also  the  knob 


p 
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of  eelk,  wLii-L  projects  into  the  cleaviige-cavity,  Las  become  nieta- 
morpbosed  and  has  spreftd  itself  out  more  and  more  in  the 
form  of  a  disc-like  plate,  which  is  continuous  at  it«  attenuated 
margias  with  the  thin 
wall  of  the  blastuln. 
The  further  procewi-H 
of  development  t&ke 
place  prinHpnlly  in 
this  plate.  Its  mont 
superficial  celk  are 
flattened  out  to  thin 
scales,  Huch  as  ah<o 
form  the  wall  of  the 
blostula  elsewhere ;  itR 
remaining  elements, 
on  the  contrary,  ar- 
ranged in  from  two 
to  three  Huperpceed 
layers,  are  larger  and 
richer  in  protoplasm. 

Up  to  this  time  the 
embryo  of  the  Mammal 
is  in  the  blaatiila  stage. 

It  still  consistH  everywhere  of  a  single  germ-layer.     For  the  t 
which  has  been  advanced  by  many  persons,  that  the  germ-disc  in 


stage  of  development  is  ah'eady  in  the  two-layered  condition,  and  that 
the  ffiiter  layer  of  flat<cella  constitnten  the  outer  germ-layer  and  the 
more  pratoplaxmic  cells  lying  luider  it  the  inner  germ-layer,  is,  in  my 
opinion,  untenable.  0{>posed  to  this  are,  first,  the  fact  that  the  flat- 
tened and  the  thicker  cell-layers  arc  firmly  joined  together  and 
,  are  not  separated  from  each  other  even  by  the  narrowest  fissure, 
i  »nd,  secondly,  the  further  course  of  the  development.* 

Soldlng  to  thl«  iDl«rpretatioii,  I  am  of  coume  also  unable  to  agree  with  a 
I  *Smr  of  TAX  Benedbk's,  acoordiog  ti>  wbich  ihc  paatrnlatioQ  tiihca  place  at  tbe 
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Two  germ-layers    first    appear  in   eggn 
which  have  abeady  attained  a  diameter  of 
more  than  1  mm.  and  are  about  five  dajB 
old.     At  the  place  where  the  cell-plate  pre- 
viously lay,  one  sees  by  inspection  from  the 
siu^ace  a  whitish   spot,  which  is  at   first 
round,  but  later  becomes  oval  or  pear-shaped. 
It  is  generally  designated  at  this  stage  as 
area  embryonalis,  or  as  embryonic  spot.     It 
consists  of  two  germ-layers  (fig.  60),  which 
are  separated  by  a  distinct  fissure,  and  may 
l)e  detached  from  each  other.     The  inner 
germ-layer  {He)  is  a  single  sheet  of  greatly 
V     flattened  celk.     The  outer  germ-layer  (oJfc), 
I.     on  the  contrary,  is  considerably  thicker,  and 
I     Hhows  that  it  is  composed  of  two  sheets  of 
•J     cells  :  (1)  a  deeper  layer  of  cubical  or  round- 
£      ish,  larger  elements,  and  (2)  a  superficial 
§      layer  of  isolated  flatter  cells,  which  were  first 
.sr     accurately  described  by  Bauber,  and  which 
B     have  been  named  after  him  Kauber's  layer, 
!S     Toward  the  margins  of  the  embryonic  spot 
I     the  outer  layer  becomes  thinner  and  pos- 
t     sesses  only  a  single  layer  of  cells ;  these  are 
^     continuous  with  the  large  flattened  elements 
t     which,  as  we  have  seen,  alone  constitute  the 
^     greater  part  of  the  wall  of  the  sac  in  the 
I     blastula  stage.      The   inner   germ-layer  is 
^     at  first  developed  on  only  a  small  part  of 
%     the  wall  of  the  sac — at  the  embryonic  spot 
and  its  immediate  vicinity;   it  terminates 
S  1 :2     with  a  free  notched  margin,  where  there 
i  S  'g      are  to  be  found  loosely  associated  amoAoid 
I  9  I     cells,  which  by  their  increase  in  number  and 
^  3  ^      migration  probably  cause  the  further  growth 

end  of  the  first  stages  of  cleavage.  He  interprets  in  the  originally  solid 
sphere  of  cells  (fig.  58  ^)  the  darker  and  larger  centrally  located  elements 
(Ay)  as  entoderm,  the  layer  of  smaller  and  clearer  cells  {ep)  sorronnding  the 
latter  as  ectoderm,  and  a  small  vacnity  in  this  investing  layer  as  the  blastopore 
(dp).  I,  on  the  contrary,  believe  that  the  gastrolation  takes  place  in  the 
manner  described  on  page  104. 


I 
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of  the  layer.  This  on  older  eggs  alowly  sprenda  itsulf  fi-oiu  the 
embryonic  spot  townrd  the  opposite  pole,  and  thereby  the  whole 
hUstodennic  vesicle  gnidually  become*  two-layered.  While  this  is 
taking  place,  changes  also  proceed  at  the  embryonic  spot,  which  has 
become  oval  and  somewhat  larger.  Raubek's  layer  disappenrs  * 
{fig.  61);  the  underlying  cubical  or  spherical  cells  have  become 
cylindrical  and  more  closely  crowded  together.  Each  of  the  primary 
germ-layers  is  now  composed  of  a  single  layi^r  of  cells. 

The  two  accompanying  figures,  which  represent  in  two  different 
positions  a  Rabbit's  egg  seven  days  old,  wilt  serve  for  the  ilhistration 
of  these  conditions.  In  looking  dovmjrom  above  (fig.  62  A)  one  seps 
tlie  embiyonic  spot  {ag),  now  become  oval.  It  Ls  produced  exclusively 
by  a  definitely  limited  thickening  of  the  outer  germ-layer,  and  indi- 
cates the  place  at  which  the  cells  are  cylindrical ;  in  that  respect  It 
correspond,',  to  the  embryonic  shield  of  reptilian  and  avian  embryos 
and  is  not  to  be  confounded  with  the  cell-plat«  (fig.  f 
described  as  a  thickening  of  the  one-layered  blastula. 
iifivm  the  »iiU  (fig.  02  B)  one  can  dtstingmah  on  the 
regions ;  (1)  the  embryonic  spot  (ng) ;  (2}  a  region  which  includes  the 
upper  half  of  the  vehicle  and  reaches  to  the  line  ge,  in  which  the  wall 
is  still  composed  of  two  laj-ers,  but  in  which  the  cells  of  both  the 
outer  and  inner  germ-layera  are  very  much  flattened  ;  and  (3)  a  third 
portion  lying  below  the  line  ge,  where  the  wall  is  composed  exclusively 
of  the  outer  gwm-layer. 

There  now  arises  the  important  question,  in  what  manner  the  two- 
layered  condition  in  MiLmmals  arisen  out  of  the  single-layered  form. 
One  hAs  reason  to  expect  that  gastrulation  takes  place  here  in 
the  same  way  as  with  the  remaining  Vertebrates,  by  means  of  an 
Invagination  or  an  ingression  of  cells  which  proceeds  from  a  definite 
territory  of  the  thickened  cell-plate  of  the  blastula ;  in  this  con- 
nection attention  must  be  directed  to  the  posterior  end  of  the 
embryonic  spot. 

When  the  embryonic  spot  bos  acquired  a  pear-shaped  appearance 
(fig,  63),  there  is  at  its  posterior  end  a  somewhat  less  transparent, 
because  thickened,  place  (hto),  which  KOllikeb  has  designated 
the  terminal  ridge  (Endwulst).     It  is  comparable  with  the  opacity 

•  Two  view."  nre  hold  conocming  Uie  manner  in  which  Racbgh's  layer 

I    dinppean.    AccanUng  to  Balpoub  and  Hkai>b.  the  Sat  cells  become  meta- 

raorpfaOMd  into  oyliulricsl  i-eIIh,  which  are  interposed  between   the  other 

cTlindrical  oeUs  ;  according  to  Kollikbr.  on  the  contrary,  they  diaintegrate 

nd  H  if  appear. 


at  tbe  poetei-ior  margin  of  tlie  germ-disc  of  Rept.ilee  and  Birds,  when 
their  gtiHtruktion   beg^.     Aii  inTugination  piweediiig  from  tliis 
point,  auch  as  DuvAL  hae 
'*  estHblished  for  the  Chick, 

iw  unfortunately  not  as 
vot  proven  with  sufficimt 
i-ei-tftinty  in  the  case 
of  Mammals ;  the  origin 
of  the  two-liij-ei'ed  rtage 
j.  abo  still  in%'o!ve<l  ia 
,>bscm-ity. 

However,  there  are  in 
the  lilPiTitTire  some  observa- 
tions, which,  fragmentaiy 
IIS  they  ace,  appear  to  mf 
trj  Ije  worthy  of  special 
i-egaitl. 

At  the  stage  at  which 
tho  bliuttula  baa  become 
for  a  certain  distance  two- 
liiyei'ed  (fig.  62),  there  hna 
hei'H  lUsoovered  by  Hgapg 
in  the  case  of  the  Mole,  by 
Selenka  in  the  Opossum, 
and  by  KEiBBt  in  the 
Biibbit,  at  one  place  of 
the  embryonic  spot  (pro- 
bably in  the  region  just 
d.ficrihe<l  aa  terminal  ridge), 
a  amall  opentiig  (fig,  64  «), 
in/iic/i  IS  posgUilj/  to  be  t'n- 
lerpretfd  aa  hiaatopore  and 
to  be  compared  tcilh  the 
creac^ttie  groove  of  Bird*. 
Here  Uie  itoo  primary  germ- 
layera  art  eontinuotu  with 
each  otlKT,  and  from  here,  at  vrell  as  from  the  primititm  atrealc,  the 
middle  germ-tayrr  lakes  its  origin.  I  assti.me  t/uU,  beginning  at 
litis  place,  the  lower  germ-layer  has  in  a  still  earlier  stage  been 
developed  by  an  infolding  qf  a  mtaU  territory  of  the  singMayertd 
blaalula  (fig.  59), 


n^.  ei— BlutuU  if  thi  Sabbit  ^  t^ji  old  withunt  tb* 
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One  circumstance  is  especi.ally  (.■liai-acteristic  of  the  gastiulution  o( 
Mammals ;  that  the  invaginating 
membrane  is  not  a  closed  blind  sac, 
but  possesses  a  free  margin,  with 
whicb  it  grows  along  on  the  inner 
surface  of  the  outer  germ-layer, 
until  it  baa  completely  lined  the 
blnatAdermic  veaicle.  The  reader 
will  please  compare  with  this  the 
statements  on  page  102.  But  the 
abeence  of  a  ventral  closure  becomes 
intelligible,  when  we  imagine  that 
the  yolk-mass,  which  constitutcR  in 
nieroblaHtio  eggs  ur  in  Amphibian 
eggM  tlin  floor  of  the  ccelenteron, 
bun  d^enerated  and  wholly  disap- 
peared. In  tbi'^  COM  ctdenteron 
and  cleavage-cavity  become  one 
and  the  same,  ox  ia  the  case  with  ^''"■.•':r 
Mammals. 

Moreover  we  are  induced  to  as- 
sume that  in  the  eggs  of  Mammals  a 
regressive  metamorphosis  of  origin- 
ally abundant  yolk-contents  must  have  taken  place,  on  account  of 
many  phenomena  in  tbeti-  development,  which  would  be  unintelligible 


ni-  H.-K*1Ub  HOtiOB  it  tb*  •mhtTos 

whltli  tha  primiUn  itruk  hu  bafira 

II,  Blanunore ;  nl;  .juUr.  iJ',  innrr  germ-li 


I  vithout  this  assumption.     Thaae  phenomena  will  he  considertd  n 
I  lit  length  in  a  subsequent  chapter. 
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CHAPTER  VI. 

DEVELOPMENT  OF  THE  TWO  MIDDLE  GERM-LAYERS. 

(CCELOM'THEORY.)  • 

After  the  completion  of  the  gastriila  8tage  the  proce8»eA  of  develop- 
ment become  more  and  more  complicated,  so  that  the  attention  of  the 
observer  from  this  time  on  must  be  directed  to  a  series  of  changes 
which  take  place  at  the  same  time  and  in  various  parts  of  the 
embryo.  For  a  transformation  now  en8V€8,  due  to  the  9tmtdtaneo%u 
folding  of  both  tfie  inner  and  outer  gemi-layers,  whereby  four  new 
chief  organs  of  the  vertebrate  body  are  called  into  existence.  Out 
of  the  inner  primary  germ -layer  arise  (1)  the  two  middle  germ-layers, 
which  enclose  between  them  the  body-cavity  ;  (2)  the  secondary  en- 
toderm or  entoblast  (Darmdriisenblatt),  which  linos  the  secondary 
intestine  of  vertebrated  animals  ;  and  (3)  the  fundament  of  the  axial 
skeleton,  the  chorda  dorsalis,  or  notochord.  At  the  same  time  there 
is  developed  from  the  outer  germ-layer,  as  its  only  system  of  organs, 
the  fundament  of  the  central  nervous  system.  Since  these  four  pro- 
cesses in  the  development  are  in  part  most  intimately  involved  in 
one  another,  they  cannot  be  separated  in  their  treatment. 

Here  again  we  have  to  do  with  a  problem  which  is  one  of  the 
most  difficult  in  the  embryology  of  vertebrated  animals — ^the 
history  of  the  development  of  the  two  middle  germ-layers.  Not- 
withstanding a  voluminoiw  literature  which  has  grown  out  of  this 
theme,  there  are  many  conditions,  especially  among  the  higher 
classes  of  Vertebrata,  which  are  not  yet  explained  in  an  entirely 
satisfactory  manner.  We  shall  thei'efore  enter  somewhat  more 
minutely  into  this  topic,  which,  like  the  question  as  to  the  origin  of 
the  two  primary  germ-layers,  possesses  a  fundamental  significance 
for  the  comprehension  of  the  organisation  of  Vertebrates. 

The  presentation  of  what  follows  will  be  essentially  facilitated,  if 
we  allow  ourselves  a  short  digression  into  the  history  of  the  develop- 
ment of  the  Invert<?brata,  and  take  under  consideration  a  case  in  which 
the  middle  germ-layers  and  the  body-ca\ity  are  established  in  a 
manner  similar  to  that  which  obtains  in  the  case  of  Vertebrata, 
but  which  is  easier  to  investigate  and  to  understand.     Such   an 

♦  In  figs.  6G-89  the  individual  germ-layers  are  represented  in  different  depths 
of  shade,  so  as  to  make  their  relations  to  one  another  more  evident.  The 
middle  germ-layer  in  darkest. 
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example  Ls  presented  to  us  iu  the  <Uvelopm«nl  of  nrrow-wamis 
^Saifitta)  or  C'htttognalha,  concerning  which  observatioas  hnve  been 
published  by  Kowalbvbry,  Botschli,  and  the  author. 

Aft«r  the  procea«  of  cleavage  there  aiisos  a  typieal  blastulft,  which 

after  some  time  is  convei-ted  into  a   tj-pical  gastrmla.     While  the 

latter  elongates,  two  folds  of  the  inner  germ-layer  arise  at  the  bottom 

I  of   the  coslenteron,  and  grow    up  pamllel  to  each  other  (fig.   65). 


fif.  H.— A  aUt*  in  lfa«   dmlnpnmt  gf   3ii(in>,  :\lf-:^     k""<m  <i;^.   ri>iiji    liti.Foim's 

"ComiaBljTE  Bmbijolngj," 
OfAiCkl  lumitadiniil  «cCinn  thmiiijl^  ji  Kutmlii  aC  tlie  bnginnlng  at  Che  ronniHcia  of  Otw 

M,  Honth  ;  ul,  nlimtnlirj  tariij  ;  jiv,  bodj^ayitj ;  W.p,  blutopors. 

nt.  •!■— Opdul  OWH  HOtlni  thmitb  ■  [un  of  B*cltU. 

The  «ilml«Kin  i>  H|jiint«l  1>;  mmu  ol  loo  falda.  «lili]!l  protruda  (roai  IU  Tcntnl  nil  (r), 

[nlo  tbe  intMUn&l  nuiil  proper  uid  tlu  (iRi  UUn]  bo<l7-<»TlUu  {Ik),  fell  of  wblcta  an  itill 

In  commiuijcntlon  with  one  uioCliEr  on  Ihs  donn]  iMb  <J)), 
J),  Donnl  lidej  V,  Tentnl  >lde;  nli,  untar.  it,  lunei  gonn-lajsr:  nxt',  pferisUl,  nF,  rlBtnl 

middle  lajn ;  (A.  Imdj-Miltf, 

They  grow  larger  and  larger,  and  at  the  same  time  stretch  over  wi  to 
the  ventral  wall  of  the  larva.  From  here  the  free  edges  finally  grow 
on  the  one  hand  up  to  <the  doi'sal  wall,  on  the  other  up  to  the 
blaetopore,  and  thereby  completely  divide  the  euilenteron  into  a 
e  and  two  lateral  spaces  (fig.  66  2A),  which  for  a  time  communi- 
ate  with  each  other  near  the  blastopore  and  along  the  subsequent 
ram  (P)  of  the  embryo.  After  a  short  time  this  communication 
I  lost ;  the  blastopore  becomes  closed,  and  the  edges  of  the  folds 
■  with  [he  adjacent  surfaces  of  the  co^lenteron.  Of  the  three 
Mvitien  the  middle  becomes  that  of  the  permanent  intestinal  tube,  the 
Itvo  lateral  ones  {Ik)  become  those  of  the  two  body-ca\-ity  sacs  which 
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separate  the  intestine  from  the  wall  of  the  bodjr.  They  appropri- 
ately take  the  name  erUeroeod,  since  they  are  formed  from  the  ccden- 
teron  by  a  procesB  of  constriction,  and  are  genetically  distingniahable 
from  other  caWties  which  arise  in  other  animals  between  the  wall  of 
the  intestine  and  that  of  the  body  by  simple  splitting,  and  to  which 
is  given  the  tmnie  JUiietel  or  itAicocal. 

By  the  proeeas  of  infolding  the  number  of  the  germ-lat/eri  in  SagiUa 
ha*  been  incrtated  from  two  to  three.  The  primary  inner  genn-layer 
is  thereby  di\-ided  into  (1)  a  cell-layer  (ti)  which  lines  the  inteetinal 
tube,  and  (2)  a  cell-layer  which  serves  to  enclose  the  two  body-cavitiee 
(flut'  and  m/^).  Tbo  first  is  designated  an  the  teoondary  innar  germ- 
layer  or  eTUoblatl,  the  second  as  the  middle  germ-iayer  (meiobkM). 
One  part  of  the  latter  is  adjacent  to  the 
out«r  germ-lftyer,  the  other  part  to  the 
intestinal  tube  ;  accordingly  the  division 
is  carried  still  further — into  a  parietal 
(mi')  aTul  a  visceral  layer  (nkf)  of  the  meto- 
blast.  For  the  sake  of  brevity  the  former 
may  be  called  the  parietal  (mk^),  the  latter 
the  visceral  (tak*)  middle  layer.  Ctnue- 
quently,  one  may  now  epeak  of  two  middle 
germ-layers  itutead  of  one,  the  total  numhtr 
of  the  germ-layers  being,  naturally,  raited 
by  this  front  three  to  four. 
inoe[genD-ia/er;iit>,puiguii  In  regard  to  the  oourse  of  the  further 
dl^i!^b^™^*'''''^*''"'''  development  it  may  be  stated  that,  while 
the  larva  elongates  into  a  worm-like  body, 
the  two  body-sacs  (fig.  67  Ih)  are  increased  to  a  greater  extent 
than  the  intestinal  tube  (<tA)  which  they  embrace.  TTiey  everywhere 
crowd  the  latter  away  from  the  wall  of  the  body,  grow  around  it 
from  above  and  below,  where  their  thin  walls  come  into  direct  con- 
tact. By  the  fusion  of  the  two  body-iwcs  along  their  surfaoee  of 
contact  there  are  formed  two  delicate  membranes,  a  dorsal  (dU) 
and  a  ventral  (vM)  mefientery,  by  means  of  which  the  intestinal  tube 
is  attached  to  the  dorsal  wall  and  to  the  ventral  wall  of  the 
trunk. 

Processes  very  similar  to  those  of  Sagitta  occur  in  the  development 
of  Vertebiata  nlso,  but  in  the  latter  case  they  are  combined  with 
the  development  of  the  neural  tube  and  the  chorda  dorsalis.  In  the 
presentation  of  these  we  shall  proceed  as  in  the  foregoing  chapter, 
which  ti'eated  of  the  foi'uiation  of  the  gastrula,  and  consider  separately 
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e  prooe»sB8  in  Ampbioxus,  Amphibia,  Selachians,  Birds,  and  Mani- 
lak,  ainoe  they  diSer  somewhat  fi-otn  one  another. 

«  hiMlorn  of  the  devdopment  oj  Aniphioxtis  lane&ilatus  is  very  in- 
atmctive.  The  gostnila  elongaten,  whereby  the  (MKlenterou  is  turned 
a  little  towards  the  future  dorKul  surface,  and  here  terniinatew  in  the 
blutopore,  which  maikM  the  futiue  hiiid  end  of  the  worm-shaped 
body.  Then  the  dorsal  surface  becomes  somewhat  flattened ;  the 
oells  in  this  region  increase  in  height,  becoiue  tylindriral,  and  form 
the  medullary  or  neural  plate  (flg.  63  mp).  By  a  slight  infolding  of 
the  latter,  thei'e  arises  a  medullary  groove,  which  forces  downward 
the  roof  of  the 
neleateroti  in 
the  form  of  a 
rid^  (eA).  At 
the  place  where 
the  thickened 
mednllary 
plate  jiuiiH  tbi 


all- 


'lled 


p»Ft  of  the 
onter  germ- 
Uyer,  or  the 
horn '  layer  (M), 
ail  interruption 
ID  the  amtinu- 

ky  now  takes  plat*,  and  the  epidermis  grows  over  the  cui-ved 
neural  plate  from  both  sides,  until  its  halveM  meet  in  the  middle 
line  and  fuse.  Thus  there  ai'i;«6  along  the  back  of  the  embryo 
(fig.  70)  a  canal,  the  lower  wall  of  which  is  foimed  hy  the  ciu-ved 
medullary  plate  (mp),  and  the  upper  wall  by  the  overgi-owiiig  epi- 
dermic (<*'^)-  It  ^  o^'y  °-^  "'  Inter  stage  that  the  medullary  plate  in 
Ampbioxus,  lying  under  the  epidermis,  is  convertfld  into  a  neural  tube 
(fig.  72  u)  by  the  bending  up  of  ib<  edges  and  their  fusion,  Aft  the 
fandament  of  the  nervous  sytttem  becomes  difrerentiat«d,  it  extends 
BO  far  toward  the  posterior  end  of  the  embryo,  that  tbe  blastopore, 
which  is  located  there,  still  falls  within  its  territory,  and  with  the 
dosnre  of  the  neural  tube  i»  included  within  the  end  of  tbe  latter. 
To  this  manner  it  occurs  that  neural  tube  and  intestinal  tube,  as 
KoWALKVBKY  first  observed,  are  now,  by  means  of  the  blastopore, 
a  comtinajty  (fig.  68  en)  at  the  posterior  end  of  tbe  body.  The  two 
^tber  constitute  a  canal  composed  of  two  arms,  the  form  of  which 
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is  compai-able  with  a  siphon.     The  upper  arm,  which  i»  the  neural 

tube,  coutinuea,  for  a  time,  to  open  to  the  outKide  world  at  ite 
anterior  end.  The  bent  por- 
tion of  the  siphon,  or  the 
blastoporic  region,  by  means 
of  which  the  neural  and  the 
intestinal  tube  are  united,  is 
called  eanoZu  jieureTiUrietu 
(fig.  68  en),  a  structure  which 
we  uhall  again  encounter  in 
the  development  of  the  re- 
maining Vertebrata. 

Simultaneoualy  with  the 
neural  tube  are  devel<^>ed 
the  two  middle  gem-tayer» 
and  the  chorda  doraaUt  (figK. 
69  and  70).  At  the  front 
end  of  the  embryo  there 
arise    in    the    roof   of    the 

ccelenteron  cloi^  to  each  other  two  t<mall  evaginations,  the  body-sacs 

{ink),   which    grow   donially  and    laterally  at    either  side  of   the 

curved      medullary      groove. 

These    are   slowly   enlargtKl, 

since  the  process  of  evagina- 

tion  progreKdee  from  the  ni 

tenor    toward    the    posterii 

end  of  the  larva,  and  finally 

reaches  the  blastopore.     The 

narrow  strip  of   the  wall  of 

the  cotlenteron  which  'k  found 

between  them  and  separating 

them  (its   limits   marked   by 

two  stars  •  •  in  figs.  C9  and 

70),    and    which    lies    under 

the  middle  of  the  medullary 

groove,  represents  the  furtda- 

ment  of  the  efiorda  (<A). 

The    primary    inner  germ- 
layer  therefore  has  Tuno  vmdergone  diviaum,  into  four  di^erent  parti : 

(1)  thefu/ndament  of  the  diorda  {ch),  (2)  and  (3)  the  cdie  {mk)  which 

litie  the  two  body-eace  (Ih)  and  r^eeent  t/ie  middle  yerm-layer,  and 


Fif.  70. 


pnoM*  bT  f«rau>liaa,  iflar  HATScan. 
t,  Onter,  <(,  itaua,  nt.  miildl*  gt 

oT  Uia  oulsnUnni  ;  tIK,  inUMiait  CBiitj  ;  U, 
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R4)  At  remnininij  part,  whicli,  aiiiee  it  i»  destined  Ui/ofiii  tlie  bott^uiing 

^tpaU  t^'lhe  aubeequerU  inlesUtie  {lUi),  i»  to  6b  designated  as  permanent 

r*  (Darmdriisenhlatt)  {ik). 

The  ttucceeditig  pi-otieeises  of  development  bave  ath  their  obje(.'ti%'e 

K.poiat  the  detachment  fi-om  one  another,  by  lueHUs  of  constriction  and 

jaon,  of  the  partct  which  are  still  in  continuity,  und  Ihe  furmatioD 

r  discrete  cavitiee.      The   processes  of  oonKtrictiun   begin  tit    the 

kuterior  tjod  of  the  embryo,  and  progress  thence  to  the  bliwtopore 

1.  70  and  71).     At  fij-st  the  bo<ly-sttiM  become  deeper  {%  70  Ui), 


ig  gf  Ui«  uUiM  lotWn  •»  Fig.  71. 


Iftnd  then  lo^e  their  connection  with  the  main  cavity  {dh)  by  the  clot« 
■Appontion  of  the  cells  which  eurroundthe  eutrancee  to  them  (tig.  71). 
f  this  proce^!:  thu  margin  of  the  secondary  entoderm  (Ik)  comee  to 
iSbut  directly  on   the  mnrgin  of  the  ehiyrdal /undameiU  {eh).     The 
■Iftttor  han  meaowhile  also  undergone  chaugcn ;  the  plate-like  funda- 
has  become  xo  curved  by  the  elevation  of  it:'  lateral  margins, 
I  that  there  hoe  arisen  a  deep  churdal  ijruove,  wliioh  is  open  along  its 
I  ventml  ride.     Subsequently  the  latei'al  walls  of  the  groove  come  into 
e  contact,  and  are  thereby  con  vertf^i  into  a  solid  rod  of  celk,  which 
vtamporarilysbareitin  the  closure  of  the  roof  of  the  secondary  intetttiue, 
ftnd  appears  as  a  ridge'like  Ibickeuing  of  the  latter.     Then  the  cell- 
rod  {ah)  becomes  detached  (fig.  72)  from  the  wall  of  the  inteetine  ;  the 
Utter  now,  for  the  first  time,  becomes  comp]et«Iy  closed  in  the  form 
a  tube.     To  effect  this  the  margins  of  th?  entoderm,  indicated  in 
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fig.  70  by  stars  (  ♦  ♦),  grow  toward  each  other  under  the  chorda  and 
fuse  into  a  median  raphe. 

The  final  result  of  all  these  processes  is  shown  in  the  cross  section 
fig.  72  :  the  original  ccelentei-on  has  become  divided  into  three  cavities 
— into  the  ventral  permanent  intestine  (dJi),  and  into  the  two  body- 
cavities  (lh)f  which  are  situated  dorso-laterally  to  it,  and  which  con- 
tinue to  increase  in  size.  Between  these  there  has  been  interpolated 
the  chorda  (cA),  upon  which  the  intestine  abuts  below  and  the  neural 
tube  (n)  above.  The  cells  which  have  been  cut  off  from  the  coelen- 
teron  by  constriction — and  which  are  more  deeply  shaded  in  figs.  69 
to  72,  and  enclose  the  body-cavities  (Ih) — constitute  the  middle 
germ-layer  (mk).  The  part  wliich  lies  in  contact  with  the  outer 
germ-layer  (fig.  72)  is  recognisable  as  the  parietal  middle  layer 
(mk^) ;  the  part  which  is  in  contact  with  the  neural  tube,  chorda, 
and  intestine  as  th(»  visceral  middle  layer  (mk^). 

Inasmuch  as  the  process  of  differentiation  just  described  begins, 
as  has  been  already  stated,  at  the  front  end  of  the  embryo  and 
extends  slowly  step  by  step  toward  the  hind  end,  by  an  examina- 
tion of  a  seiies  of  sections  one  may  follow  the  various  stages  of 
metamorphosis  on  a  single  object. 

In  the  description  given  I  have  presented  the  conditions  as  though 
in  Amphioxus  there  arose  two  simple  body-sacs,  one  on  either  side 
of  the  intestinal  tube.  The  processes  are,  however,  somewhat  more 
complicated,  for  in  the  case  of  the  embryo  of  fig.  70  the  body-sacs, 
while  increasing  in  size  posteriorly,  undergo  further  changes  in  the 
anterior  region,  and  through  repeated  infoldings  are  divided  into 
separate  compartments,  the  primitive  segments  (us),  which  lie  one 
behind  the  other.  I  content  myself  with  this  statement,  since  for 
didactic  reasons  I  shall  defer  the  treatment  of  the  development  of 
the  primitive  segments  until  I  come  to  a  subsequent  chapter. 

While  in  the  case  of  Amphioxus  lanceolatus  there  is  no  doubt  but 
tliat  tJie  hoihi-cavity  and  tlie  middle  genn-layer  are  formed  by  an  out- 
pocketiny  of  tJie  wall  of  the  cadenleron,  opinions  upon  the  origin  of  the 
same  parts  in  the  case  of  the  remaining  Vertebrata  are  still  very 
divergent.  This  results,  in  the  first  place,  from  the  fact  that  the  in- 
vestigation, which  can  he  carried  out  only  by  means  of  serial  sections, 
is  coupled  with  greater  technical  difficulties,  and,  secondly,  because  the 
conditions  are  somewhat  altered,  owing  to  the  greater  abundance  of 
yolk  in  the  eggs,  and  furnish  less  clear  and  intelligible  views.  Where 
in  the  gastrula  of  Amphioxus  a  great  cavity  is  present,  we  see  in  the 
case  of  the  remaining  Vertebrates  a  great  mass  of  yolk-material 
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(■rm-tiyan  ud  thg  t-ody-oairtlj  in  TntgbnUiu 
'  IB  of  u  tiabrjt  la  front  ar  (tl«  bluMopon. 


[  collected,  And  the  ctelenteron  more  ov  less  complet«ly  filled  with  it. 
Consequently  there  are  formed  in  these  cases  for  the  production  of 
I  the  body-csvity  no  /mIIow  evaglnatuma,  but  solid  ceU-ijrowtha,  in  thai 
I  vofrietai  and  the 
'''  '  lametlte  of  the 
gtrm-Ui^/er  have 
tW^aeettohiehmAm- 
fhuKCua  bound  the  bodj/- 
eart'lf/  preued  together  ill 
Ae  btginniiig  of  tlie  ile- 
•vehpmtnU  and  gepnrutfl 
onfy  at  a  rathfr  late 
tUigt.  In  order  to  make 
M^er  the  eompreheu- 
iiion  of  the  Komewhat 
diasunilar  Hp[>eiirai 
furnished  hy  an  in' 
ttgntioR  of  the  separate 

classes     of     Vertebrates,  onler,  -k,  lonnr  eorm-liwor  -,  mk',  juiriBMI,  .al',  vluenl 

let  us  describe  first,  with         ,„ik.„„ow ;  .ih.  LnutiaJ  «.((/ ;  rt,  bodj^riy. 
tlie  aid  of  two  diagram' 

matio  figures,  how,  according  to  a  series  of  investigations  which  I 

have  undertaken,  the  development  of  the   middle  germ-layer  and 

the  body-cavity    would    take 

place    in     the    case    of    the 

vertebrated  animals. 

One  of   the  diagrams  (fig. 
73)  represents  a  cross  section 
in    front  of    the    blastopore. 
It  exhibits    the  inner  germ- 
layer  (iA)   extensively  thick- 
ened on  the    ventral  side  by 
the  depoiition  of  yolk  {d),  so 
th&t   the  ccetenteron    is    re- 
duced to  a  small  cavity  (dh). 
In  the  roof  of  the  ctBlenteroii 
there   lies   a  single   layer  of 
cells  (eh),  the  fundament  of 
il»  chorda,  churactei-ined  by  their  cylindiical  form.     On  both  sides 
of  it  the   inner  germ-layer  has    developed    evaginations,    the   two 
body-saoi    {Ih),    which    haw    grown   down   some  distance   between 


114  ZHBRTOLOOT. 

the  folk-maw  nnd  the  outer  gemi'layer.  Their  wall  (nut'  and  mJ^) 
in  compoeed  of  email  cubical  or  polygonal  elements,  shaded  darker 
in  the  diagram.  The  cffilenteron  is  distinctly  separated  by  meane 
of  the  two  crelenteric  foldx  (*  *)  into  a  median  or  inteetinal  cavity 
proper  (dh),  lying  beneath  the  chorda!  fundament,  and  the  two  narrow 
body-sacs  (Ik),  which  communicate  with  the  former  only  by  means 
of  narrow  fisBure«  (*  *)  at  the  right  and  left  of  the  chordal  funda- 
ment. The  figure  is  easily  reducible  to  the  preceding  (p.  113)  cross 
section  of  an  Amphioxus  embryo  (fig.  74),  if  we  conceive  the  simple 
epithelium  on  the  ventral  side  of  the  latter  thickened  by  an  accumula- 
tion of  yolk,  and  the  two 
small  body-saos  grown 
down  a  certain  distance 
between  yolk-mass  and 
outer  germ-layer. 

In  the  flecond  dia- 
grammatic cross  section, 
which  is  through  the 
blastopore  (fig.  TQ),  the 
c<eleuteron  [ud)  is  wholly 
filled  up  with  the  yolk- 
mass  (i^).  The  body-sacs 
{th)  described  in  the  first 
diagram  are  to  be  seen 
here  also,  as  they  crowd 
themselves  downwards 
between  yolk  and  outer 
germ-tftyer.  Their  walls 
are  composed  of  small  cells,  and  thp  outer  or  parietal  layer  {mA') 
merges  into  the  outer  germ-layer  at  the  blastopore,  while  the  inner 
or  visceral  layer  (niA*)  is  continuous  with  the  yolk-mass  or  the  inner 
germ -layer. 

Were  the  conditions  in  Vertebrates  such  as  the  two  diagrams 
represent,  there  could  no  longer  be  any  doubt  in  regard  to  tAem, 
any  more  than  in  the  case  of  Ampbiozus,  that  the  body-cavity  is 
developed  out  of  two  evaginations  of  the  crelenteron,  and  that  its 
walls  constitute  the  two  middle  germ-layers.  But  there  is  not  a 
single  Vertebrate  which  presents  such  clear  and  convincing  evidence. 
The  distinctnees  is  everywhere  diminished,  most  of  all  by  the 
fact  that  the  parte  v^kidi  are  to  be  interpreted  as  hody-saes  no  longer 
endoge  cavUiet,  because  their  walls  are  firmly  pressed  together,  in 
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eansMjiience  of  the  fact  thiit  the  greater  ooliertion  of  yolk  requires 
the  space  for  itself.  Consequently  we  find,  in  pkux  of  the  liody-taea 
exhibUed  in  the  diagram,  solid  matsM  of  celli,  for  which  it  remaiiu 
to  be  e^tabliiAed  thai  they  corretpond  to  the  aaet  in  position  and 
development. 

Iq  order  to  see  what  condition  would  result  in  consequence  of  a 
disappearance  of  the  body-cavity,  we  will  imagine  that  in  the  two 
diagrams  the  parietal  and  the  visceral  layers  of  the  body-saca  are 
firmly  pi-essed  together.  In  the  first  diagram  (fig.  73)  we  should 
then  have  a  uiass  several  &A\s  thick,  which  would  be  everywhere  dis- 
tinctly separated  from  the  two  germ-layers — in  between  which  it  had 
grown — with  the  esceptioa  of  the  \i\mx  indicated  by  a  star,  which 
marks  the  entrance  to  the  body-sac ;  this  i.«  the  important  region 
whence  the  evagination  or  the  outgrowth  of  the  middle  germ-layer 
from  the  inner  layer  has  taken  place.  At  this  point  the  cell-mass  ia 
oontinuoQs,  on  the  one  side  with  the  fundament  of  the  chorda,  on 
the  other  with  the  entoderm.  In  the  Hecond  diagram  (fig.  75)  we 
should  likewise  see  the  thick  ceil-mass  everywhere  isolated,  except  in 
the  vicinity  of  the  blastopore,  where  a  transition  to  the  outer  aa  well 
■B  to  the  inner  germ-liiyer  takes  place.  If,  in  addition  to  thia,  we 
Bhoald  imagine  that  the  two  lips  of  the  blastopore  wei'e  here  pressed 
togetlier  from  right  to  left,  we  should  have  in  the  middle  of  the 
CTOBs  section  a  thick,  many-layered  cell-ma^s,  which  on  both  sides  is 
resolved  into  the  three  germ-layers,  or.  In  other  words,  at  (Ae  bUvito- 
pon  all  tkrei  yerm-lai/ern  by  liieir  j'lution  jiteet  loi/ether  in  a  ginalf 
mow  ofcelU. 

By  careful  inventigation  it  is,  in  fact,  demonstrable  that  similar 
conditions  to  thase  which  we  have  produced  by  changes  in  the 
diagrams  are  found  in  the  inve«ttigation  of  the  several  classes  of 
Vtirt«brates.  For  this  purpose  we  must  make  sections  through  three 
different  regions  of  the  embryo  :  (1)  through  the  r^on  in  front  of 
the  blastopore,  (2)  through  the  region  of  the  blastopore  itself,  and 
(3)  behind  it.  The  agreeinmU  nppears  mott  prominent  in  t/ie  ilevelop- 
ment  oj  the  Amphibia,  among  which  the  Tritons  again  furnish  tho 
moat  instructive  objects. 

When  in  the  case  of  Ti-iton  the  gastrulation,  with  the  accompany- 
ing obliteration  of  the  cleavage-cavity,  is  fully  completed,  the  embryo 
beoomea  slightly  elongated;  the  future  dorwil  surface  (fig.  76  D) 
becomes  flattened,  and  given  rise  to  a  shallow  furrow  (r),  which 
Stretches  from  the  anterior  to  the  posterior  end  nearly  up  t^  the 
blastopore  («).     The  latter  has  nmv  aiaumed  tbe  form  of  a  longitu- 
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dinal  fissure.  A  cross  section  made  through  the  middle  of  the 
embryo  in  front  of  the  blastopore  (fig.  77)  corresponds  in  erary 
particular  to  our  first  diagram  (fig.  73),  if  we  conceive  that  the 
body-cavity  in  this  case  has  disappeared.  The  outer  germ-layer  {ai) 
consists  of  a  single  sheet  of  cells,  which  on  the  back  of  the  embryo 
are  cylindrical,  but  become  shorter  toward  its  ventral  ade.  The 
cells  enclosed  within  the  outer  layer  exhibit  a  differentiation  in  three 
ways,  and  therefore  are  subsequently  converted  into  three  different 


tt «(  Tiitn  irilfc  [mUj  itprmiJ  msdnlluy  gi 
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organs — into  chorda,  entoderm,  and  middle  germ-layer.  First,  there 
is  to  be  found  on  the  roof  of  the  oxlenteron  (dfi)  under  the  medullaiy 
groove,  even  close  up  to  the  blastopore,  a  narrow  band  of  long 
cylindrical  cells  (cA) ;  it  corresponds  in  every  respect  to  the  funda- 
ment of  the  chorda  in  our  diagram  (fig.  73  Ji),  and  in  the  cross 
section  through  Amphioxus  (fig.  74  ch).  Secondly,  the  fundament 
of  the  chorda  is  flanked  on  either  side  by  two  bands  (mi',  mft*)  of 
small  oval  cells,  which  extend  downwards  to  about  the  middle 
of  the  lateral  region  of  the  embryo.  They  do  not  share  in  bounding 
the  ccelenteron,  since  a  third  kind  of  cells  {ik),  large  and  rich  in  yolk, 
lie  along  their  inner  surfaces.     The  latter  b^n  at  the  margin  of 


the  cbordal  fundameDt  as  a  single  layer,  become  two  Iftyers  thick 

fartlier  down,  and  thus  merge  iuto  the  more  voluminous  accumu- 

btion  of  yolk-cells,  which,  in  all  Amphibian  embiyos,  occupy  the 

ventral  aide  tind  restrict  the  gaatnila -cavity.     They  cori-espond,  to 

continue   with   our   comparison,  with   the  entoderm,  whei-eas   the 

iimall-celleil   masses,  which,  starting   from    the  fundament  of   the 

chorda,  have  crowded  themselves  out  between  the  entoderm  and 

the  outer  germ-layer,  are  comparable  with  the  cells  which  in  Am- 

phiosuB  and  in  our  diagram  form  the  wall  of  the  body-sacs,  or  the 

middle    germ-layer.       The 

oonclusion  is  therefore  jus-  " 

tilled    and     very    obvious, 

thnt  in  Triton  t/te  Iwo  mid- 

<Ua  j/emUar/fTn  liave  artten 

in  lh«  anterior  territory  of 

the    emfrri/iniic    liody    by    a 

prootsat    oj    evaip^iatuni    at 

hotA  tide*    of  t/ie    eliordal 

JuneUaaent,  jiut  at  in  Am- 

phioittu,  exe«pt  that  in  one 

eate  ti»  evoffinated  cell-nutta 

cmtaina   a  camty,    m    f/ie 

other  ea»e  none. 

A  cross  section  thixiugh 
the  blastopore  of  the  Triton 
embryo  {6g.  78)  is  to  be 
Gompai-ed  with  our  Hecond 
diAftrnm     (fig.     75).       The 

hollow  body-sacs  of  the  latter  correspond  to  the  iwlid  cell-bands, 
which  ai-e  the  fundament  of  the  middle  germ-layer.  Neai-  the 
Uiistopore  {it)  they  ai-e  split  into  two  lameUee.  Of  these  the  out«r 
(niC)  merges,  as  in  our  diagram,  into  the  inner  layer  of  the  blasto- 
poric  lip,  and  becomes  continuous  at  the  edge  of  the  blastopore  with 
the  outer  germ-layer  (ai) ;  the  inner  lamella  (mi'),  on  the  contrary, 
ia  connected  with  the  mues  of  yolk-cells  (dz),  which  lies  like  a  wall  in 
front  of  the  blastopore  and  even  projects  into  it  aa  the  Rcbconias 
yolk-plug  (rf;/). 

Punteriorly  to  the  blastopore,  the  middle  germ-layer  stretches  itself 
out  for  aome  distance,  but  here  only  an  a  single  connected  mass. 

According  to  the  region  from  which  the  middle  germ-layer  is  de- 
veloped, we  miiy  di^de  it  into  two  portions,  and  call  that  part  which 


',  puieUl)  ihJ-', 


is  produced  < 

that  whicL 
(Raul). 


II  both  Eideij  of  the  chorda  the  gastral  i 

irises  from  the  blaetopore   the   periatomal    mesoderm 


The  further  development  of  the  fundaments  of  mettoderui,  chonht, 
and  mtajtme,  which  subsequently  become  entirety  separated  from 
one  another  at  the  places  where  they  now  remain  in  connection, 
cau-sas  the  ugreement  with  the  conditioa-*  found  in  Amphioxus  to 
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I  appsar  in  stronger  ivlief.     The  pi'ocess  of  separation  m  introduoed 

I  hy  the  curving  oF  the  ckordai  plate,  and  it«  conversion  into   the 

\  ehordal  groove  (fig.  79  A  eh).     Inasmuch  as  it  in  continuous  at  its 

edges  with  the  parietal  lamella  of  the  middle  germ-layer  (mki),  there 

uise  in  the  roof  of  the  ctEtenterou  the  two  small  chordal  Fnldn,  wluoh 

enclot«e  between  them  the  chordiil  gixioye.     It«  fi-ee  margins  abut 

directly  <ipon   the  folded  edge,  where   the  viscei'al  lamella  of  the 

middle  germ-layer  (fiu^)  bends  around  into  the  entoderm  {ik)  to 

I    produce  the  ooilenteric  fold. 

I  In  the  next  following  stage  (fig.  79  B)  the  thickened  medullary 
I  pl&te,  conciistiug  of  long  cyliudrical  cellu,  becoues  distinctly  marked 
[  off  from  the  now  still  smaller  cubical  elements  of  the  ectoderm. 
I  Ueanwhile  the  middle  germ-layei-  begins  t<i  detach  ittwilf  from  its 
'  previous  connections  in  the  vicinity  of  the  place  of  evagination ;  the 
■•  parietal  lamella  becomes  separated  from  the  fundament  of  the 
nlnda,  the  viscei-al  lamella  fi'om  the  entoderm,  and  thereupon  their 
■PilBlud  edges  become  fused  to  each  other.  By  means  of  this  pro- 
pMftite  fundament  of  the  body-t>ac,  or  of  the  middle  germ-layer, 
clused  un  all  sides,  and  is  separated  from  the  other 
Q-layem.  At  the  same  time  the  entoderm  (t^)  and  the  funda- 
it  of  the  chorda  (cA)  have  come  into  contact  along  their  free 
mftrginti,  ho  that  the  chorda  appears  like  a  thickening  of  the  ento- 
I  derm,  and  for  a  time  shuro-s  in  bounding  the  int«»ttDul  cavity  on  the 
I  dorsal  side.     This  is  changed  by  a  second  process  of  detachment. 

The  fundament  of  the  chorda,  now  converted  into  a  solid  rod, 
I  ia  gradually  excluded  from  participation  in  lining  the  intestine 
I  (fig.  79  C),  bythefact  that  thehalvesoftheentodorm(*t),  composed 
1  of  large  yolk-cell^,  gixtw  toward  each  other  underneath  it,  and  fuse 
I  in  a  median  raphe. 

7!&a  elorure  of  t/te  permanent  ij^eitine  tm  the  dorml  tide,  tlie  cmi- 

I  atrit^ng  off  of  the  ttco  body-aaa  from  the  vnner  yerm-laj/er,  and  t/te 

1  oriffin  oj  the  chorda  Hor»alis  are  Ui,erejare  in  Amphibia,  a*  in  Amphi- 

\  osiw,  proeetsa  mhieh  are  nwst  intinu^y  related  with  (»M  arwlher. 

Hem,  too,  con«triai7u/  offoj  the  parte  mentioned  begins  at  the  head-end 

t^  the  «mbryo,  and  advaneei  eUtwli/  toward  the  }ioaterior  end,  where 

there  exigtajor  a  long  time  a  zone  oj  growth,  by  means  of  which  the 

t  the  length  of  the  body  ia  effected.     Soon  aft«r  this,  the 

t  arrives  when  in  the  embi-yos  of  Triton    the    body-cavity 

ct  visible.     For  after  the  detachment  of  the  organs  previously 

aompleted,  the  two  middle  gorm-layei-s  at  the  head-end 

,  of  the  body,  and  on  both  nides  of  the  chorda,  separate  from  each 


I ;  pn,  pUioji]  gj&ud. 


c,  nwdulUrr 


other,  and  tbuB  cause  to  appear  a  right  and  a  left  body-cavity 
(enterocoel),  which,  iicconling  to  my  iuterpi-etation,  were  not  pre- 
viously recognisable,  Bunply  on  account  of  the  intimate  mutual 
contact    of    tJieir 

Willis. 

Meanwhile  the 
medullary  plate 
baa  become  con- 
verted, by  the 
procet«j  of  folding 
.'ib-eady  described, 
into  the  neural 
tube  (fig.  80  me), 
which  Um  beneath 
epidermis. 
Since  the  neura! 
tube  subsequently 

encloeee  the  blaHtopore,  and  in  thereby  in  communication  with  the 

inteelinal  tube  (ox  the  preceding  longitudinal  section  of  an  advanced 

embryo  of  Bombinator  mo^t  distinctly  showu),  it  follows  that  there  in 

also  in  the  Amphibia  a  struotui-e  (fig.  80  iie)  corresponding  to  the 

ueurenteric  canal  of  Amphioxus  (compai-e  fig.  68  en). 
More  fundamental  differenoes  in  the  development  of  the  middle 

germ -layer  are 

met     with     in 

the      eggH     of 

E^hes,      Rep- 

tileo,  and  Birds, 

which  a 

abundantly 

jirovided    with 

nutritive    yolk 

[lortial     cleav- 
age,   and    aUo 

in  the  eggs  of  Mammals.  However,  the  variations  appeal-  in  theea 
cases  to  be  of  a  subsidiary  nature,  whereas  in  the  chief  pointe  the 
unity  of  the  developmental  processes  for  all  vertebrated  animals  h«i 
been  the  more  fii-mly  esUiblished  the  more  accurately  the  individual 
tstagett  have  been  invetitigated  by  means  of  impi-oved  methods. 

In  the  pi-eseiitation  of  these  diflicult  conditionji,  we  shall  de-cribe 
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flprt  the  changes  which  may  be  recognised  in  viewing  the  germ-disc 
from  the  surface,  and  to  thette  uhall  add,  necondly,  the  more  im- 
portaut  i-esulte  uc([uired  by  series  of  crona  sections. 

(At  the  posterior  margin  of  the  germ-disc  of  the  Chick  (fig.  81  A), 
■which  cottsists  of  twi>  layers  lying  on  the  yolk  like  a  watch-glass,  we 
had  distingiUHhed — not  only  a  tihort  time  before  incubation,  but  aleo 
during  the  early  hoiirH  of  that  process — the  ci-6«*nt  (s)  and  the 
orescentic  groove,  and  hod  learned  to  recogniite  thftt  this  was  the 
pJace  from  which  the  inner  germ-layer  arose  by  a  process  of  folding 
I  tmder. 

I      When,  during  the  SfhI  houru  of  incubation,  the  germ-layei-s  grow 
P  out  farther  on  the  yolk,  the  ci'SHcentic  grcx>ve  (fig.  81   B)  is  con- 
vei-t«d  into  the  primitive  groove  (pr),  a,  stnicture  of  far-reaching 
ngnificance. 

The  metamorphosLH,  according  to  the  excellent  researches  of  Dutal, 
takes  place  in  the  following  manner :  In  the  middle  of  the  anterioi' 
blastoporic  lip,  where  the  outer  germ-layer  beads  over  to  become 
eontinuous  with  the  innei*,  there  arises  a  small  notch,  which  is 
directed  forwards  (fig.  81  A  ak);  this  gradually  elongates  into  a 
groove  (fig.  81  B),  corresponding  with  the  future  longitudinal  axis  of 
the  embryo,  and  by  the  following  method :  the  right  and  the  left  halves 
of  the  [anteiior]  blaMtoporic  lip,  together  with  the  pail  which  bounds 
(be  first  notch,  grow  towai-d  each  other,  and  come  in  contact  «ilh 
each  other  in  the  median  plane,  with  the  same  rapidity  with  whii-h  the 
dixc  increases  in  super- 
ficiolextent.  Foratime,  ,.. — .,_ 

therefore,  the  blastopore 
has  the  form  of  a  short 
longitudinal  groove, 
which,  at  it!*  posterior 
and,  is  bent  around  into 
two  short  tranavei-sely 
placed  cre^centic  horns 
(*).  Finally  theee  also 
have  disappeared ;  they, 
too,  have  grown  toward 

each  other,  toward  the  median  plane,  and  have  thus  contributed 
largely  to  the  posterior  elongation  of  the  primitive  gi-oove.  By  this 
remarkable  procwa  of  growth  the  whole  blastopore  is  converted  from 
a  transverse  fi^uie  into  a  longitudinal  one. 

The  ttccompanj-mg  diagiami;  (fig,  82)  serve  to  illustrate  this  highly 
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importAnl  process.  The  mcrease  which  the  ^'enu-disc  has  unttei^ 
during  6ucce6si\-e  stages  is  indicated  by  dotted  lines.  The  margin  of 
the  fold,  where  the  upper  germ-layer  pasties  over  into  the  lower 
layer,  or  the  anterior  lip  of  the  blastopore,  ia  denoU-d  by  a  heavy 
black  line.  In  the  figures  A.  B,  C,  one 
observett  how,  with  the  increatting  extent  of 
the  genu-dihc,  the  right  and  left  halvo.  of 


thei«  pi'ojects 
I>elow  ti 
hmall  elevation  {dp)  of  yolk-subetance, 
niutaining  a  number  of  nuclei  {merocyt*ts), 
mpamble  with  the  Rusconian  yollc-phig 
m  the  Amphibian  larva  (fig,  78  dp).  At 
the  lips,  the  upper  germ-layer,  a  single  cell  thick,  bends  around  into 
the  lower  germ-layer,  composed  of  loosely  aiisoci&ted  cells.  The 
blastopoi*  leads  into  the  ccelenteron,  which  lies  between  yolk  and 
germ-disc.  In  fig,  84  the  margina  of  the  two  folds  have  come  into 
close  oontttct,  and  have  fused  to  form  the  auterioi-  part  of  the  ptiml- 
tive  atreak,  above  which  the  pi-imitive  gi-oove  is  otill  U>  be  found. 
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Wheu  the  lust  reiwimiit  of  the  ei*:.eei.tic groove  has  lieeii  employed 

r  ihe  elongation  of  the  primitive  groove,  the  margin  of  the  germ- 

r,  which  continues  all  Uie  time  to  spread  iteelf  out  uniformly  over 

PUiefolk,  exhibits  everywhere  one  and  the  same  condition;  it  has 

ne   at  al!   point*  a  circuaaoreK»iUX-i>MTgin,  now  that  the  in- 

latum-nuir'jin  hits  detached  iUelf  from   it  a-^   primiti\o  gioove. 


(■nMtMBcrUi 
fr,  rriuitiis  aUnik 

primitin 

.^J*^^ 

Bai. 

tot 

{llN.«lH.th. 

■w.ftk« 

tfuuitd 

aUorr  fuLik  ■»  ou] 

inbeetiueiitly  the  pellucid  and  opaque  areas  become  more  dis- 
tinctly separated,  the  primitive  groove  comes  to  lie  in  the  poeterior 
put  of  the  pellucid  ai*a.  By  careful  examination  of  a  surface  pre- 
fftration  (tigti.  8$  and  SC  pr),  one  sees  that  it  ia  bounded,  both  on  the 
riglit  eidu  and  on  the  left,  by  two  small  folds,  which  are  derived 
I  bvm  the  blastoporic  tijvj,  and  which  appear  darker  and  more  opaque 
BcttUBe  ihe  cslLi  are  multiplying  rapidly  and  are  nmi-e  closely 
rowded.     Since  the  two  primitive  lotds,  or  the  two  blastoporic  lips, 
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" 

^^B 

are    closely  in    contact  ' 
at   the  bottom   of    the 

^■P 

w?" 

^■1 

r 

^ 

V 

groove,  and  indeed  are  in 
places  complet«ly  fuxed, 
they    together    produce 
in   the  pellucid  area   a 

L 

it' 

ilark     streak     of     Bub- 

E 

staiioe,  which  is  about  a 

1 

w 

iiiillimetre  long  and  0'2 

lum.  broad.     With  the 

r 

. 

t' '"' 

whom    it   was    already 

i 

HI' 

known,     we     designate 
this    att    the    primitive 

1 

s^*' 

" 

Dtreak  of  the  germ-diac 

1 

p  "■ 

In  the  vicinity  of  the 

m 

?v 

primitive   atreak   there 

m 

V 

■ 

<lt.» 

in    surface   views,    now 

■ 

« 

and  during  the  following 

■ 

v'    • 

stages  of   development, 

L 

„- 

Home  additional  changes, 
which  are  caused  by  the 
beginnings  of  Kpecial  or- 
ganic.   In  the  lirKt  place, 
there  is  to  be  seen  in  the 
anterioi-  region   of   bhs 
ai'ea   pellucida,   and  in 
the   direct  continuatioa 
of  the  primitive  streak, 
H  narraw,  dark  streak  o( 
cells,    which    has    been 

Chick,  inou 

uUd  8S  houti. 

(lefiignated  by  Kallikeb 

^^                   Ths  uu  pdltiiO. 

l*Wti.=u. 

<jm.drf  -ritl, 

a  l*n,ua  u(  U.» 

as   the   head- process  of 

^1                         ui»ioe  nw  (rf/).     Th. 

nffonluid 

01  tbB  mrrou. 

tbe    primitii-e    streak, 

^H                        lh<  U>T»  b 

;   behind,    n« 

and  which  gradually  in- 

^H                         of  Ilia  Ullv  Uiirg  an   all  primiui 

Ou  olther  rfdo 

creases  in  length.      3e- 

^B                      Tl»po.l«fa 

H-   owl   of     0 

condly,  there  appears  an  J^| 

U^pnLoiU 

E  lUClk   Ul 

the  prlmlcin 

increasing  opacity  (% -H 
85)  in    tbe   vicinity  of  ^M 

^H              tbe  pnmitiv 

e  streak 

nd  itfl  b 

ead-pi-oce&s, 

which  aftei-«ard  stretches  ^H 
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out  fftrtLei"  laterally :  it  ii  coiinepUMi  with  the  origin  of  tlip  middle 
germ -layer. 

In  a  still  lat«r  stage  of  development  (fig.  86),  at  the  beginning  of 
the  aeoond  day  of  incubation,  the  first  fundament  of  the  central 
nervous  system  makes  its  appearance  in  the  anterior  portion  of  the 
^rm-disc.  Over  the  head-process  there  arit*  at  some  distance  from 
each  other  the  two  medullary  folds  (.<),  which  are  coiitintious  with 
each  other  at  their  anterior  ends,  and  which  bound  the  broad  medul- 
lary furrow  (ntc) ;  posteriorly  they  become  less  prominent,  and  they 
hero  embrnee  between  them  the  anterior  end  of  the  primitive  streak 
{pr).  Mediillary  furrow  (me)  find  primitive  grooi'e  (pr)  must  not 
b(*  confoimded  with  each  other,  as  occnn'ed  ui  the  earlier  days  of 
embryolt^ ;  they  are  two  entirely  distinct  and  ditwimilar  strnctiu'tti, 
which  exist  at  the  same  time,  and  independently  of  each  other,  as 
fig.  86  shows. 

Primitive  streak  and  primitive  groove  are  preserved  for  a  long 
time  without  undergoing  impoi-tant  changes  (fig.  67  pr).  They 
always  occupy  the  posterior  end  of  the  embi^onic  body,  which  in 
characterised  by  it«  slightly  differentiated  condition  even  in  stages 
when  the  development  of  the  separate  organs  of  the  body  is  already 
in  full  prc^ess.  On  the  contrar)-,  the  embryonic  territory  lying  in 
front  of  it,  which  is  so  small  at  the  time  of  the  appearance  of  the 
head-process,  becomeii  greatly  elongated  and,  at  the  same  time, 
differentiated  into  the  ."separate  organs  of  the  body.  This  process 
of  differentiation  begins  in  front,  and  proceeds  posteriorly  toward 
tlie  primitive  groove,  just  as  in  Amphiosiis  and  the  Amphibia. 
The  margins  of  the  medullary  folds  come  into  contact  with  each 
other  and  begin  to  fiuw,  forming  the  neural  tube  (W,  A6',  AA', 
m/),  the  fusion  progressing  from  the  head-  toward  the  tail-end. 
There  are  also  to  be  recognised  now  in  the  interior  of  the  body, 
at  either  side  of  the  neural  tube,  the  protovertebrw  or  primitive 
w^menlfi  (iis),  which  we  shall  investigate  more  minut«ty  further 
on.  The  number  of  these  is  constantly  increased  by  the  growth 
which  is  taking  place  at  the  tail-end. 

When  a  large  number  of  primitive  segments  has  arisen,  the 
primitive  groove  b^ns  on  aurface-views  to  disappear  ;  for  it  ia  sur- 
rounded by  the  medullary  folds,  and  inasmuch  as  these  fuse  here  as 
well  as  elsewhere,  it  is  enclosed  in  the  terminal  part  of  the  neural 
tube.  A  notable  condition,  and  one  of  great  importance  for  the 
interpretation  of  the  primitive  groove,  has  been  discovered  at  this 
stage  in  the  embryos  of  several  sjiedef:  of  Birds  by  Oasser,  Braun. 
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HoPPKANK,  and  otberf.  At  the  front  end  of  the  primitive  groove  n 
narrov  canal  ha8  arisen,  which  leadfl  obliquely  from  the  neural  tube 
under  tbe  entoderm,  and  unites  the  two  in  the  same  manner  in  which 
tbe  blastopore  doe^  in  Ampbioxwi  and  tbe  Amphibia.  A  diagram- 
matic longitudinal  section  through  tbe  hind  end  of  a  Chick  (fig,  68) 
HbowH  UH  this  important  union  (n.«),  which  eiactly  corresponds  to  the 

couditioD  of 


(pr),  which  l>  Mdcd  OT 
«,  sntode 
tha  pUca  mbtn  th«  «niu  irtll  uln  ;  mu,  uanion ;  as,  lonuitaplnin  j       H  t  a  g  e  8  , 

•p,  ipLuuhDopkniK.  whereas    in 

Teleoeta  it 
doeH  not  oome  to  development  on  account  of  special  Rubaidiary 
conditions.* 

The  investigation  of  the  embrj'onic  fiindaments  of  a  Mammal  fur- 
nishoR  \is  with  view  quite  similar  to  those  respecting  the  Chick.  When 

*  In  Bclacbians  the  blaatopore  is  very  parlj  enclosed  wilbin  the  medal- 
lory  folds,  and  then  assumes  the  coiulition  of  a,  long-persisting  canal-Hlie 
passage  to  the  inteBlinal  cnvity  tbroagh  the  floor  of  the  raedallair  grooTe, 
and  later  throngh  that  of  the  neural  canal. 

In  the  case  of  Reptiles,  the  primitive  streak  is  vcrv  short  and  triangular, 
and  in  man;  t^clcs  soon  discloses,  before  other  organs  have  liecn  differentiated, 
an  opening  at  iti;  anterior  end  which  leads  to  the  cavity  under  the  genn-diso, 
wbicb  is  filled  with  jolb.  Subsequently  the  opening  is  converted  into  a  canal, 
the  wall  of  which  is  composed  of  cylindrical  cells,  ami  is  in  continuity  above 
with  the  outer  germ-layer,  and  below  with  the  inner  germ-layer.  Then  the 
medollary  folds,  which  are  being  formed  in  front  of  the  orifice,  grow  aronnd 
it ;  the  orifice  now  becomes  a  ^nuine  neurenteric  canal,  which  in  many  ca«ei 
appears  to  become  obliterated  even  before  the  closure  of  the  mednllajry  tube, 
but  in  other  ca-ies  persists  for  a  long  time. 


.  («« 
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luTenB!  tiuduirat  (aj 

of  •  T-<>j*  BdUI-t  (W.  *flM 

liryunio  fundimatit :  pr 

;  r/.  mrtalUrj 

Afiertturdrt  tlipif  Appenrt)  in  thw  ijistnnce,  just  as  with  the  Chick,  a 
niUTuw  cjpAqtte  Ntre&k  in  the  forn'.nrd  prolongation  of  the  primitive 
streak, — its  head- process,— and  this  dividea  the  anterior  portion  of 
the  germ  into  n  right  and  a  left  hntf  (Sj^.  90  lef).  After  some  time 
there  are  developed  on  both  sidee  of  the  head-proce«fj  the  raediillnry 
fold*  (fig.  89  B),  which  bound  the  broad  medullary  fun'ow  ijf),  and 
which,  by  forming  a  bow  at  theb-  anterior  enda,  become  continuous 
witJi  each  other ;  bnt  posteriorly  they  diverge  somewhat  from  each 
other,  and  embrace  the  primitive  groove  (rn*).  Thin  stage  oorreeipondH 
(o  (he  muditiou  of  the  Chick  presented  in  fig.  86. 
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From  Hm  time  forward  the  anterior  part  of  the  embryonic  &re& 
grows  in  length  much  more  rapidly  than  the  hind  part  with  its 
[Himitive  groove  ;  the  latter  remains  almost  unalt««d  in  Mammals 
up  to  late  stages  of  deretopment,  and  then  diminishee  in  length,  not 
only  relatively,  but  aUo  absolutely. 


Fiff.M. 
ift  with  pilKlttn  itaHk,  itln  E.  vam  BonE 
;  U,  HmECi  nods ;  at,  sualk  nnmrtHiea 
it  vUk  ■  put  gl  a*  BH  p*11mU«  ■  4Mjm  itte  ft 

AftaKOLLlKB. 

EH  pelladdi;  ao,  u«ft  op«cai  V,  mediUlHy  idjite  In  tfaa  nflkAct  flubHqmDt 
bda  ;  A",  ihm  mniM  la  tha  rafiDb  ot  the  inbiBqaAt  mid-tumio,  whov  tfaa  DadBll 
')  exhibit*  A  videuiiig ;  A'",  tba  tune  Id  ths  nfiOR  at  th«  mbvqi^nt  Ih 
lida ;  Xz,  fiuduamt  of  th«  ti««Tt ;  tU,  tfiink 
lulut  of  Uh  primitlTg  nntk. 


At  the  same  time  the  embryonic  area  passes  from  the  oval  to  a 
pronounced  guitar-shaped  outline.  Such  an  embryo  is  represented 
in  fig.  91.  The  primitive  streak  (pr)  id  to  be  seen  at  its  postraior 
end,  partly  embraced  bv  the  medullary  folda  {rf).  The  middle  germ- 
layer  LI  already  fully  developed,  and  in  the  future  neck-r^ion  three 
pairs  of  primitive  segments  hnve  already  been  difierentiated  at  the 
sidtti  of  the  chorda. 

JiiHt  as  there  has  been  up  to  this  stage  an  agreement  with  Birds 
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f  mxiA  Beptiles  iu  other  pointe,  so  there  nJso  is  iii  the  exixteaoe  of  a 

1  nourenteric  Muml.    At  ii  rather  early  utage  tbere  is  already  notjceable, 

.    at  the  niiUii'inr  eiul  uf  the  primitive  i^troiik,  a  nnifill  spot,  nt  which, 

in  coQoequence  of  cell -proliferation,  a  large  nmouiit  of  materinl  is 

avcumulated.     It  is  knowu  imiier  the  name  of  Hgnsbn's  mide  (fig  30 

hi).     This  i»  important  chiefly  hecauHe  a  narrow  cnnal,  the  canaliK 

!  neurentericuH  (en),  paasea  through  it,  and  leads  from  the  outride  into 

[  the  interior  of  the  bliuitodermie  vesicle.     The  prewence  oE  this  canal 

ban    already   been    established   liy    several    investigators — by   van 

Brkkobk  hi  the  Rabbit  and  the  Eiit,  by  Bonnet  in  the  Sheep,  by 

Hkapb  in  the  Mole,  and  by  Graf  Spee  in  a  young  human  embryo. 

The  latt«r  exhibited  a  still  widely  open  meduUitry  furrow.     At  the 

[    Iiegiiiiiisg  of   the   primitive   groove   there  was   a  wide,    roundish, 

I  trinngular  orifiee,  whioh  traveniBd  the  germ-di^,  and  was  surrounded 

■  by  a  ring-like  elevation  corresponding  in  position  to  Hensen's  node. 
I  I  have  dwelt  upon  the  primitive  streak  more  at  length,  and  have 
E  considered  more  iu  detail  its  first  appearance  and  its  topograpliic 
w  relations  to  other  organs,  becauHO  from  a  developmental  standpoint 
I  it  ix  a  very  important  stmetitre,  and  one  the  aignificanoe  of  which 
|<  M  Still  much  discussed.  For  it  corresponda  to  the  blastopore  of  iho 
I  lower  Vei'tebrates,  and  is  important  as  the  region  from  which  the 
I  niddle  germ-layer  takes  its  origin.  While  I  postpone  an  expowtion 
B  of  the  grounds  whieh  warrant  ua  in  denigiuiting  the  primitive  groove 
■<  BA  blastopore,  I  xhall  at  once  consider  the  development  of  the  middle 
I  germ-layer.  Information  concerning  this  is  to  bi-  got  from  cross 
B  Mctioiu,  which  should  be  made,  as  in  the  Amphibians,  (1)  in  front 
m  of  the  primitive  groove,  (2)  in  the  region  of  the  groove,  and  (3)  back 
Sof  it,  both  in  younger  and  older  embi-yoa. 

I      In  embryonic  fundaments  which  have  reached  the  etagcH  repre- 

■  aeutftd  in  figs.  81  £,  85,  and  89,  the  middle  germ-layer  in  already 
Pliegun  in  the  immediate  vicinity  of  the  primitive  groove,  and  causes 

■  the  opacity  which  appeiii-e  upon  both  sides  and  in  front  of  it.  Cross 
Bvectiuns  thi'ough  the  cephalic  process  of  the  piimitive  streak  now 
Vftllow  the  establishment  of  a  complete  agreement  in  otic  fundamental 
■^int  between  Ampbiozus  and  the  Amphibia  on  the  one  hand,  and 
■SelachianB,  Reptiles,  Birds,  and  Mammals  on  the  other. 

I  Along  a  narrma  median  streak,  in  the/ornur  groups  in  front  of  th« 
mViOMtoport,  in  the  latter  in/runt  oj  the  prhtUtive  gruove,  the  tmbryonio 
mfundavimt  it  eompoacil  of  only  (itw  ijemt-layeri,  of  which  (A«  louder  it 
MieMtined  to  becomf  the  c/tcrda.  At  hotlt  tides  of  thete  re.gioTis  l/n  tico- 
mjagertd  condituin  jhisscs  nlntiptlj/  in  all  Vfrtflmttea  into  u  thrti-liit/ered 


one,  the  outer  germ-lnyer  Iwiiig  followed  by  the  middle  layer,  and  tUta  1 
by  the  inner  gemi-lnyer. 


The  conditions  in  detail  asHume  in  SelacliianH,  Birds,  and  Mammals 
the  fornuj  indicated  by  the  accompanjang  figiire«i  (92-95). 

In  the  Selachians  the  medullary  fold  is  well  marked  in  cross 
KectioQB  (6g.  92  A  mp).  Beneath  it  there  lies,  as  in  Amphioxus  and 
Triton,  only  a  single  layer  of  tall  cylindrieal  oella  (cA),  the  funda- 
ment oF  the  chorda ;  laterally  this  merges  into  a  many-layered  mass 
of  small  cells,  which  is  soon  divi<leil  by  means  of  a  fissure  into  two 
distinctly  separated  lamellne — into  the  middle  layer  (nJc),  composed 
of  small  polygonal  cells,  and  into  the  inner  layer  (ik),  which  hera 
conidstH  of  a  single  layer  of  tall  columnar  cells.  At  the  point  in- 
dicated by  &  star,  the  fundament  of  the  chorda  and  the  middle 
Mud  inner  germ- layers 
are  continuous  with  one 
- -tf^^V^^H^Mj^^HHt  At    a    Uiter 

rWi^SSTQHBl  a  'tiige  (Sg.  92  £)  a  se- 
paration  of  the  three 
fundaments  takes  plac^, 
as    in   Triton,   and  we 

Tiie'^urnT-^'ti^g^tiiw'ilid^rmr^'TuroWi.     ^^^'^  ^'^*^  C^  *  round 
In  (roni  of  iha  |inmiii>»  Kimk.    Tiiu  jart  of  uic      chordal  rod  (eh),  which 

■KcUmi  M  tho  right  of  the  (mi<!«n.oot  of  lh>  chonU  1i       .         .  i  \   ,       . 

nmBgorHi.  "^^  i**n  formed  by  in- 

i.*.(ioi.r,i-^,iutd(Uo.i*,ionorg*tjii.u,n;,(.f„ncUi.«di  folding  in  the  manner 
previoufiiy  described ;  (2) 
at  either  side  of  it  the  small-celled  mass  of  the  middle  germ-layer 
{mk),  divided  into  halves  by  tho  chorda  ;  (3)  tho  inner  germ-layer 
(ti),  the  halves  of  which,  separated  in  the  pi'evious  stage,  are 
now  growing  under  the  chorda,  and  are  about  to  fuse  into  a  single 
layer. 
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A  Bimilar  view  is  furnished  by  a  cross  section  through  the  cephalic 
process  of  the  germ  of  the  Chick  (fig.  93).  Under  the  outer  germ- 
layer  there  iti  founil  in  the  median  plane,  in  front  of  the  primitive 
groove,  only  the  fiinOament  ot  the  chorJa  (c/i) ;  at  the  point  indicated 
by  a  atni-  it  is  continued  laterally  into  the  mnaU-celled  middle  germ- 
]&yar,  and  into  the  entoderm,  which  in  composed  of  a  single  layer  of 

Y  much  flattened  cells. 

'he  some  is  tnte  for  cross  sections  of  Mammals  (fig.  94)  in  corre- 
sponding stages  of  development.  Thus,  for  example,  the  funda- 
ment of  the  chorda  [ch)  in  the  cross  section  through  the  embryo  of  a 
Mole  figured  by  Heape  is  a  single  layer  of  cyliudiical  cells;  it  has 
already  become  curved  into  a  chordul  groove,  such  as  has  been  repre- 
sented in  fig.  79  A  fur  Triton.     Laterally  it  is  continuous  with  a 

s  of  small  cells,  which  is  resolved  into  two  layers  at  the  point 


ISf,  tL—Oma  HgtitB  thHOfb  thi  n 
In  Rg.  Sn.  wliicli  hi. 


at,  UaUT.  «>];,  tniddlii,  i 


sr  fi9nu-Lijffr :  ek,  (nnHvan 


indicated  by  a  star  :  (1)  into  the  middle  germ-layer  {ink),  composed 
of  several  layers  of  small  cells;  and  (3)  into  the  inner  germ-layer, 
whidi,  a-s  before,  appears  as  a  single  layer  of  flattened  cells  (ik). 

In  a  stil!  more  convincing  manner  VAX  Beneden  has  shown,  in  hia 
inveetiga lions  upon  the  development  of  Mammals,  that  conditions 
exist  in  the  formation  of  the  middle  germ-layer  and  of  the  body- 
cavity  in  tluH  class  which  agree  with  those  in  Amphibia.  The  cross 
section  (fig.  95)  through  the  germ-disc  of  the  Rabbit,  taken  from 
his  work,  is  esjiecially  convincing.  It  shows  the  fundament  of  the 
chorda  (cA)  as  a  single  layer  of  cylindrical  cells,  flanked  on  the  right 
and  left  by  the  middle  and  inner  germ-layers.  The  middle  germ- 
layer  consists  of  a  parietal  {niV)  and  a  visceral  (ink')  lamella  of  flat 
cells,  the  former  of  which  is  continuous  with  the  fundament  of  the 
chorda,  while  the  latter  bends  around  at  the  point  indicated  hy  a 
star  to  become  continuous  with  the  single- layered  epithelium  of  the 
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inner  germ-layer  (ik).  The  place  where  the  bend  occurs  even  pro- 
trudes distinctly  as  a  lip  into  the  coelenteron,  as  in  the  case  of  the 
Amphibia.     Except   for   these  unions  at  the  sides  of  the  chordal 


mh*     »nit" 


ok   ,. 


Fig.  96.— Crou  Motion  throuf h  the  ferm-diao  of  an  embrTO  Kabbit,  after  K.  van  Benedbn. 
AA:,  Outer,  ik,  inner,  nd;  middle  germ-Liyer ;  iuk\  |ttirietal,  hik'^  TLBoaral  li^ella  of  the  middle 
genn-lttyer;  cA,  cliorda. 

fundament,  the  middle  germ-layer  is  everywhere  sharply  separated 
by  a  fissure  from  the  other  two  germ-layers.* 

Fiu-ther  agreement  with  the  conditions  which  the  investigation 
of  Triton  has  furnished  is  afforded  by  a  series  of  cross  sections 
through  tite  primitive  streak — the  obliterated  blastopore.  In  t/ie  case  of 
aU  Vei'telnrates,  this  is  the  ordy  place  in  tfie  whole  eiiibryonic  area  where 
all  three  germ-layers,  although  for  ordy  a  short  distance,  are  fused  with 
ane  another,  and  caniwt  he  distinguished  as  separate  layers,  whereas  at 
the  sidss  of  this  region  they  are  separated  by  distinct  fissures. 


gr 


mk 


pr 


P* 


ink 


ok 


Fif .  96.— Orosa  Motion  through  the  middle  of  the  primitlTe  atreak  of  a  Ohiok*a  ffem-diap,  iHdoh 
ia  in  the  atage  of  doTelopment  repreaented  in  Fig.  81  B.    After  Kollrr. 

At  some  diiitanctt  f rum  the  primitive  grooTe  ii  to  be  seen  upon  tiie  left  aide  of  the  flgore  in  orooi 
section  Uie  mar^^nal  groove  of  Ills.     Upon  the  right  side  it  ia  as  yet  little  developed. 

ak.  Outer,  ik,  inner,  mk,  middle  germ-layer;  pr^  primitive  groove;  p$f  primitive  straak ; 
gr,  marginal  gioove. 

Figure  96  represents  a  cross  section  through  the  embryonic  area 
of  a  Chick  in  which  the  primitive  groove  is  distinctly  developed, 

♦  In  the  development  of  Mammals  there  has  been  observed  at  certain  stages 
under  the  fundament  of  the  chorda  a  peculiar  structure,  the  so-called  chordal 
canal,  which  i.s  not  found  in  the  other  classes  of  Vertebrates.  I  mention  it 
here  only  incidentally,  because  the  publication  of  van  Beneden's  investiga- 
tions will  doubtless  furnish  the  desired  explanation  of  its  origin  and  signi* 
ficancc. 
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but  in  which  no  traces  of  the  meduUury  (olds  are  to  be  ohsprvi  d. 
The  outer  germ-layer  (oA)  in  compoacd  of  a  i^iiigte  layer  of  tall 
cylindrical  cells,  the  inner  germ-laver  (ti)  of  n  single  sheet  of 
greatly  flattened  elements.  In  the  space  between  the  two  there 
penetrates  at  both  side^  of  the  primitive  groove  il  mas8  of  small  cells 
in  many  superposed  layers,  the  middle  germ-layer  (mi-).  In  the 
region  of  the  primitive  groove  (pr)  this  goes  over  continuoufily  into 
the  outer  germ-layer,  the  cells  of  which  are  here  found  in  prolifera- 
tion, whereas  its  lateral  wings  are  separated  from  the  outer  layer  by 
i  liseiire.  The  lower  germ-layer  ia  drawn  by  Kolleb — from  whoee 
work  the  accompanj-iiig  figure  is  taken — aa  being  everywhere    u 


I  sepoi-ate  abeet  of  flattened  cells.  It  is  clear,  however,  from  other 
1  di«wiiigs  and  descriptinns  by  Duval,  Rabl,  and  others,  as  well  as 
from  the  aecountH  in  regard  to  the  similar  development  of  Reptiles, 
that  for  a  certain  distance  underneath  the  primitive  groove  the 
middle  germ-layer  is  as  little  to  be  distinguished  as  a  separate 
structure  from  the  lower  as  it  ia  from  the  upj>er  gei'm-layer. 

OrosB  sections  through  the  primitive  groove  of  mammalian 
embryoe  are  very  instructive  (fig,  97).  According  to  Heafe's  inves- 
tigations on  the  Mole,  the  groove  (u)  cuts  deeply  into  a  mass  of 
small  cells.  At  this  place  all  three  layers  are  fused  together ;  and 
it  ia  only  laterally  to  thw  that  they  are  separated  by  means  of 
ft  distinct  fissure,  and  that  each  is  distinguishalile  by  its  character- 
istic kind  of  cells — the  outer  [ai)  by  its  tail,  the  inner  (ik)  by  its 
much-flattened,  and  the  middle  (wtA)  by  its  small,  more  spherical 
I   or  polygonal  cells. 

The  cunditionM  of  the  germ-dL'ic  of  the   Rabbit  found  by   van 
BxiiKDKN    are   eiipeciuily  distinct  (lig.   98).      At   the  deep  im 


of  the  primitive  groove   (pr)  all  three  germ-layers  are  jomed  to 
one  another  for  a  certain  distance  by  means  of  a  common   cells 


Flf ,  M,— DnH  Hotion  thmicli  Ih*  piiultlT*  ii«««  (blutapanl  of  ■  XsliUt'l  (■"■>*''*°t  *C«[ 

ol.  Outer,  il,  lunar,  i.a-,  miajla  genu-liysr ;  i.»',  pulctaJ,  >«*■,  Tinenl  lUDsllIiif  Uw  nlddla 
gmu-li^r  ;  tit,  iKlenkl  lip  of  U»  blutopon :  pr,  primltiTe  gnon. 

masH.  At  the  same  time  one  may  obtterve,  with  tolerable  dis- 
tinctnefw,  how  the  outer  germ-layer  {ok)  bends  around  into  the 
parietal  middle  layer  (m;t')  at  the  primitive  fold  {id),  while  the 
visceral  lamella  {mk^)  is  continuous  n-ith  the  entoderm  (He),  which 
is  only  one  cell  thick.  Indeed,  in  embryos  of  Rabbits  and  Bats,  vak 
Beneden  in  some  cases  observed  between  the  pritnitive  folds,  or 


blastoporic   lips,    a   structure  corresponding   to    the    yolk-plug  of 
Amphibia. 

It  is  certainly  of  gi-eat  genei-al  interest  that  the  investigation  of 
an  extraordinarily  young  human  germ-disc  at  the  hands  of  O&Ar 
Spbk  has  furnished  a  cross  section  (fig.  99)  which  is  new  enough 
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like  thp  one  of  the  Babbit  here  figured  to  be  mKtiiken  for  it.  lu 
tlie  c&se  of  the  human  embryo,  one  sceu  a  deep-cutting  primitive 
groove,  and  at  the  easily  recognisable  blastoporic  lip  {ul)  the  bend- 
ing over  of  the  outer  germ-layer  (ak)  into  the  panetal  lamella  (n»A^). 
The  viscernl  Ittmella  {ml^)'m  well  separated  from  the  latter  for  some 
distance ;  under  the  primitive  groove  it  is  merged  with  the  inner 
germ-layer,  the  edgea  of  the  potential  folds  of  the  two  aides  being 
fused  into  a  mass  of  cells,  which  forms  the  floor  of  the  primitive 
groove. 

Finally  an  agreement  with  the  development  of  the  Amphibia  ia 
not  wanting  in  sections  which  are  made  thi-oiigh  the  emhryoniu 
arenu  of  Birds,  Reptiles,  und  Mammals  behind  the  primitive  groove. 
The  middle  germ-layer  begins  to  spread  itself  out  backward  also, 
not,  however,  as  in  the  anterior  part  of  the  embryonic  area,  in 
the  form  of  paired  fundaments,  but  rather  as  a  single  continuous 
cell-mass.  This  outgrowth  too  is  united  to  the  two  primary 
germ-layei^s  only  in  the  region  of  the  posterior  end  of  the  primi- 
tive streak,  being  elsewhere  diwtinctly  separated  from  both  of 
tiiem. 

For  the  completion  of  the  previous  account,  some  statementa 
about  the  further  growth  of  the  middle  germ-layer  may  now  be 
added,  concerning  which  cross  sectionii  thi-ough  embryos  of  various 
agat  afford  evidence.  The  middle  germ-layer  upreada  itself  out 
on  all  sideK  between  the  two  primary  germ-layers,  farther  and 
farther  from  the  place  of  its  fii-st  formation^the  vicinity  of  the 
primitive  groove.  At  first  it  i^  limited  to  the  fundament  of  the 
embryo  itself,  then  it  makes  itti  way  into  the  area  pellucdda,  and, 
finally,  it  is  encountered  in  the  opaque  urea.  Everywhere  and 
constantly  in  its  exiension  it  appears  us  an  entirely  independent 
layer,  at  least  two  cells  thick,  which  is  se|)urated  from  it«  sui-round- 
ings  by  fissures.  It  is  found  to  be  united  for  a  short  distance  witJi 
the  inner  and  outer  germ-layers,  but  only  at  the  piimitive  groove, 
which  persL-<ts  for  a  long  time, — in  older  embryos  even, — as  we  havu 
already  learned  from  xiu^ace- views.  Even  in  the  stage  when  the 
neurenteric  canal  traveraes  the  primitive  streak,  and  put*,  the 
cteleuteric  cavity  (under  the  entoderm,  fig.  100  Ay)  in  communication 
with  the  neural  tu))e,  we  see  the  cellular  lining  of  the  canal  and  the 
middle  germ-layer  fused,  so  that  in  this  region  a  connection  still 
existii  between  all  thi-ee  germinal  layers.  Compare  the  accompany- 
ing cross  sections  through  embryos  of  LncerLa  muralis. 

After  the  statement  of  the  actual  conditions,  the  queutiona  i-emaiu 
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to  be  answered :  (1)  What  is  the  meaning  of  the  primitive  groove  ? 
(2)  How  is  the  middle  germ-layer  developed  ? 

In  the  interpretation  of  the  primitive  groove  I  place  myself,  as  is 
to  he  seen  from  what  precedes,  wholly  on  the  side  of  those  investi- 
gators who,  like  Balfour,  Hatschbk,  Kupffer,  Hoffmann,  van 
Benedex,  L.  Gerlach,  RtCKERT,  and  others,  recognise  in  it  a  structure 

equivalent  to,  but  somewhat  modi- 
fied from,  the  blastopore  of  lower 
Vertebrates,  and  who  compare  the 
primitive  Jolds  to  lateral  hUuta- 
poric  lipa  closely  pressed  together. 
In  my  description  of  a  previous 
stage  I  have  already  designated 
as  blastopore  the  crescentic 
groove  of  Birds  (fig.  52  jS  «) 
and  the  prostoma  (fig.  55  u) 
of  Reptiles,  because  that  is  the 
place  where  the  lower  germ-layer 
is  infolded.  In  my  opinion  both 
grooves  are  identical  structures, 
which,  by  changes  in  position  and 
form,  have  been  so  evolved,  the 
one  from  the  other,  thai  the 
fissure,  which  was  at  first  trans- 
verse, Jias  become  converted  into  a 
longitudinal  one.  For  Reptiles 
Kupffer  has  established  this  to 
a  certainty.  According  to  his  figures  in  Emys  Europcea,  e.g.,  the 
transverse  depression  (u)  represented  in  fig.  101  il  is  converted  at 
a  later  stage  into  the  form  shown  in  the  adjacent  figure  (101  B  u). 
For  the  Birds  the  investigations  of  Duval  previously  recounted 
(p.  121,  fig.  82)  are  convincing.  There  is  also  to  be  taken  into 
account  ihe  additional  fact,  that  even  as  early  as  in  the 
AmphiDia  an  exactly  corresponding  metamorphosis  of  the  blasto- 
pore takes  place.  As  the  accompanying  cuts  (fig.  101  C  and  D) 
show,  the  blastopore  of  the  Amphibian  is,  at  its  first  appearance, 
a  transvei*se  fissure  (fig.  101  C  u).  Then  it  becomes  circular,  and 
embraces  with  its  lips  a  protruding  ix)i*tion  of  the  otherwise 
enclosed  yolk-mass, — the  yolk-plug, — becomes  narrower,  and  is 
continued  forward  into  a  longitudinal  groove.  Finally  it  appears 
(fig.   101   D  u)  as  a    deep  groove,  situated  at  the  end  of    the 


Fiff.  100. — GroM  Motiona  through  the  pottarior 
end  of  a  yooaf  embryo  of  Laoerta  mnralit, 
after  Balfour. 

Ill  figure  A  the  nearenteric  canal  is  cut  length* 
wife ;  in  fignre  B  oul j  an  eyagination  of 
it,  which  i«  directed  backward.  Since  the 
sections  probably  hare  not  cut  the  chief 
axis  of  the  embryo  perpendicularly,  the 
middle  germ-layer  is  fused  with  the  wall 
of  the  canal  only  on  the  right  side  in  figure 
A,  whereas  in  fignre  B  the  connection  is 
present  on  both  sidea. 

M,  Neurenteric  cana  ;  ep,  outer,  mQ),  middle, 
Ay,  lower  germ-layer. 
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medullary  furrow,  with  its  small  circnlftr  opening  filled  up  witli  a 
yolk -plug. 

In  addition  there  are  three  important  comaderationx  which  may 
bo  urged  in  support  of  th«  interpretntion  of  the  primitive  groove  ii« 
I)lftetopore. 

first,  the  primitive  ittreak,  even  when  an  open  oina]  is  wanting, 
ia  the  only  place  in  the  whole  germ-diac  whei-e  a  connection  between 


I 


bU  the  germ-layers  is  conHtautly  present,  as  at  the  Amphibian 
blastopore. 

Secondly,  the  chief  organs  of  the  body,  such  as  the  chorda,  the 
neural  tube,  and  the  primitive  Begments,  are  developed  in  front  of 
the  primitive  streak  in  the  eaw  of  the  higher  Vertebrates,  just  aa 
tixey  arise  in  front  of  the  blastopore  in  Amphioxtiu  and  the  Amphibia. 
Both  blastopore  and  primitive  ^itreak  occupy  the  poHl«rior  end  of  the 
borly.  The  so-called  cephalic  process  of  the  primitive  streak  is 
nothing  eke  than  the  first  nidimi;nt  of  the  chui-da. 

Thirdly,  one  may  still  recognise  in  the  openings — canalea  neu- 
rmiterici — which  have  been  pointed  out  in  the  primitive  streak  at  an 
cwUer  or  later  stage  in  its  development,  in  the  ease  of  Birds,  lU^ptilee, 
and    Maiiimals,   an   indication   that   an  o[jen   eommmiieation   ho^ 
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existed  here  from  the  beginning  between  the  inner  and  the  outer 
germ-layers ;  further,  that  this  communication  has  disappeared 
through  the  fusion  of  the  blastoporic  lips,  but  that  it  can  be  in  part 
reestablished  in  consequence  of  more  favorable  processes  of  growth. 
At  the  same  time  the  neurenteric  canal,  in  cases  where  it  reappears 
in  the  primitive  streak,  effects  a  very  characteristic  union  between 
the  posterior  ends  of  the  neural  and  intestinal  tubes,  in  exactly  the 
same  manner  in  which  the  blastopore  of  Amphioxus,  the  Amphibia, 
and  the  Selachii  does  (compare  fig.  80  with  fig.  88  n,e). 

In  the  interpretation  of  the  primitive  groove  as  blastopore  I  am 
compelled  to  oppose  a  somewhat  different  view.  Certain  investi- 
gators (Balfour,  Eauber,  and  others)  recognise  in  the  primitive 
groove  and  the  crescentic  groove  of  meroblastic  eggs  only  a  small 
part  of  the  blastopore ;  they  interpret  as  the  major  part  of  it  the 
region  which  is  encircled  by  the  whole  rim  of  the  germ-disc  and  is 
occupied  by  the  yolk-mass,  and  to  which  they  give  the  name  yolk- 
blastopore.*  According  to  their  conception,  as  also  according  to 
the  original  assumption  of  Haeckel,  the  two-layered  germ-disc  is  a 
flattened-out  gastrula, — its  blastoporic  rim  lying  upon  the  yolk- 
sphere, — which  gradually  grows  around  the  yolk,  and  finally  takes 
the  latter  wholly  inside  itself,  just  as  if  it  were  a  ball  of  food.  The 
primitive  groove  is  a  small  detached  part  of  the  blastopore,  which  is 
connected  with  the  development  of  the  middle  germ-layer.  The  two 
parts  become  completely  separated  from  each  other,  and  are  closed 
at  different  times,  each  for  itself,  the  yolk-blastopore  often  late,  at 
the  pole  of  the  yolk-sac  which  is  opposite  to  the  embryo. 

Such  an  assumption  of  a  double  blastopore  appears  to  me  to  be 
untenable.  /  propose  that  oidy  that  place  of  the  germ  be  designated  as 
blastopore  at  which y  as  in  the  gastrvlation  of  Amphioxus  and  the 
Amphibia^  there  actxmUy  occurs  an  invagination  of  ceUs^  by  means  of 
which  the  cleavage-cavity  is  obliterated.  Such  a  process  takes  place 
in  the  Selachii  only  at  the  crescentic  hinder  part  of  the  margin  of 
the  germ-disc,  in  the  Reptiles  and  Birds  at  the  small  place  designated 
as  crescentic  groove.  It  is  also  from  this  place  alone  that  subse- 
quently the  development  of  the  middle  germ-layer  proceeds. 

The  anterior  margin  of  the  germ-disc  in  SelachianSy  and,  after  the 
conversion  of  the  crescentic  groove  into  the  pHmitive  groove,  the  whole 

*  Haubbb  has  suggested  for  the  various  regions  which  he  assames  for  the 
blastopore  the  designations  proatoma  nUoatum  Umgitudinale  (primitive  groove), 
proBtoma  tnUcatum  falci/orme  (crescentic  groove),  and  prostoma  marginale 
(yolk-blastopore). 
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mafffiii  oj  IM  germ-dine  in  Birds  and  Reptiles,  have  an  entirtlif  dif- 
fervtit  tignifieatimi.  This  niargui  exfaibite  a  very  different  retalionehip 
from  thiit  of  tLe  primitive  streak  or  blastopore  ;  it  i8  a  peculiarity  of 
merublastii!  egga,  which  is  most  intimattly  aosociat^d  with  tlie  origin 
of  parti&i  ckav&ge.  It  indicates  the  place  at  which  the  segmented 
portion  of  the  germ  meets  the  tinsegmented  portion — the  place  at 
which  there  lie  in  the  yolk  free  nuclei,  by  means  of  which  a  supple- 
mentary cleavage  is  kept  up  until  late  stages  in  the  proce«s  of 
development,  until,  in  fact,  the  time  when  the  two  primaiy  germ- 
layers  have  been  formed  by  means  of  the  invagination  which 
occurs  at  the  blastopore.  At  the  expense  of  the  cell -material,  which 
is  constantly  being  augmented  by  supplementary  cleavage,  the  germ- 
layers  increase  in  extent  at  their  place  of  transition  into  the  yolk, 
Knd  thus  gradually  grow  over  the  tmsegmentod  part.  Whtrwu  at 
tkt  Uattopore  an  invaghMtion  of  fells  already  present  takes  place,  there 
not  the  margin  of  the  yenn-digc  a  formation  of  iiew  ceUi,  and 
f  an  inertaae  of  the  niurffinal  part  arul  an  overgrowth  of  the 
I  therefore  propose  for  it  the  name  oiroutiwreaeemx-margin 
^tha  i/olk-gpfiere.  There  can  be  no  such  thing  as  a  separate  opening 
r  a  yolk- blastopore,  because  the  yolk  is  an  organic  part  of  the  germ, 
and  is  in  continuity 
with  the  segmented 
part  of  it  by  means 
of  the  layer  which 
coiitoioB  the  yolk- 
nuclei. 

If  we  would  insti- 
tute II  comparison  be- 
tween animals  with 
meroblELstic  eggs  and 
theAmphibia&ta  stage 
when  gastrulation  is 
not  yet  completed,  then 
the  blastopore  of  the 
Amphibia,  which  is 
indicated  by  the  letter 
M  in  the  accompanying 
section  through  the 
gaxtrula  of  a  Triton  (fig.  102),  corresponds  to  the  prostoma  of  Eep- 
tilee,  and  to  the  cre»centic  and  piimitive  grooves  of  Birds ;  the  still 
exposed  moss  of  yolk-cells  corresponds  to  the  yolk- material  which  is 
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not  yet  overgrown  by  germ-layers ;  the  place  marked  by  a  star,  at 
which  in  the  Amphibia  the  transition  from  the  small-celled  layer 
to  the  mass  of  yolk-cells  occurs,  or  the  marginal  zone  of  Goette,  is 
comparable  to  the  margin  of  circumcrescence  in  meroblastic  eggs. 

In  the  second  place,  the  question  arises :  How  is  the  middle  germ- 
loLyer  of  Vertebrates  developed  ?  The  answer  is :  By  a  process  of 
folding  similar  to  that  in  the  case  of  Amphiozus  lanceolatus.  This 
answer  is  substantiated  by  the  fact  that  the  individual  processes  in 
the  development  of  the  middle  germ-layer  may  be  correlated  with 
corresponding  processes  in  Amphioxus. 

In  view  of  the  fundamental  importance  of  the  matter,  I  formulate 
in  a  synoptic  and  precise  manner  in  six  paragraphs  the  points  in 
reference  to  which  it  has  been  possible  to  establish  an  agreement  in 
all  Vertebrates. 

1.  Before  the  chorda  is  formed,  the  germ  in  all  Vertebrates  is 
composed  of  two  layers  in  the  region  of  a  median  streak  which  lies 
in  front  of  the  blastopore  and  primitive  groove.  It  is  here  composed 
of  the  medullary  plate  and  the  fundament  of  the  chorda,  which  then 
shares  in  bounding  the  intestinal  cavity. 

2.  At  lx)th  sides  of  this  median  streak  the  germ  is  three-layered, 
if  we  regard  the  middle  germ-layer  as  a  single  one ;  it  is  four-layered, 
if  we  allow  that  the  latter  consists  of  a  parietal  and  a  visceral  oell- 
layer,  which  are  originally  pressed  firmly  together,  and  only  later 
actually  separated  by  the  appearance  of  the  body-cavity. 

3.  In  no  Vertebrate  do  the  middle  germ-layers  arise  by  fission, 
either  from  the  outer  or  the  inner  germ-layers,  because  they  are 
everywhere,  except  in  a  very  limited  region  of  the  germ,  sharply 
separated  from  both  by  means  of  a  fissure. 

4.  A  connection  of  the  middle  germ-layers  with  the  neighbouring 
cell-layers  takes  place  only  :  (a)  at  the  blastopore  or  primitive  groove, 
where  all  four  (or  three)  germ-layers  are  joined  together,  and  (6)  at 
both  sides  of  the  fundament  of  the  chorda. 

5.  One  observes  the  first  fundament  of  the  middle  germ-layers  at 
the  region  of  the  germ  just  mentioned,  and  sees  it  spread  itself  out 
from  here — i.e.,  from  the  periphery  of  the  blastopore  or  the  primitive 
groove,  and  from  both  sides  of  the  fundament  of  the  chorda 
— forward,  backward,  and  ventrad  or  laterad.  In  front  of  the 
blastopore  it  appears  ui  the  form  of  paired  fundaments  separated  by 
the  fundament  of  the  chorda ;  behind  the  blastopore,  on  the  contrary, 
as  a  continuous  structure. 

6.  While  the  choixla  is  being  developed,  the  two  paired  fundaments 
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of  the  middle  germ-layers  detaeh  themaelves  from  the  adjacent  cell- 
IsytTs  at  the  sides  whi-i-e  their  ingrowth  took  place,  and  at  the  Ramp 
time  the  halves  nf  tlic  permanent  Piitoderm  gj-ow  tcgtther,  whereby 
the  dorsal  closure  of  the  intestine  is  efleeted. 

In  view  of  these  facttt  there  ts  only  oji«  espianation  at  which  we 
can  Mrive.  If  it  ia  t'ertain  that  the  nuddle  germ-layers  do  not 
arise  by  a  fission  in  looo  fixim  either  of  the  priniary  gemi-layere, 
then  their  gradual  spreading  out  from  a  definite  region  of  the  germ 
pan  result  only  from  an  ingrowth  of  celk,  which  occurs  from  those 
places  where  a  connection  with  other  cell-layers  baa  been  damon- 
ictratetl.  Tlie  middle  germ-layers  draw  the  principal  material  for 
their  growth  from  cells  which,  at  the  blastopore  or  at  the  primitive 
groove,  niigrate  between  the  two  primary  genn-lnyers. 

But  this  immigration  of  cells  may  be  interpreted  as  a  process  of 
infolding  of  the  primary  germ-layers,  aw  in  the  case  of  Amphioxus, 
111  the  method  of  the  infoldijig  thei'e  exists,  it  is  true,  om  very 
striking  and  apparently  important  dijfei-ence  between  Amjihioxus 
and  the  remaining  Vertebrates.  In  Amphioxus  the  middle  germ- 
layer  arises  as  a  hollow  sac,  by  means  of  the  folding  of  the  inner 
germ-layer — in  the  remaining  Vertebi'ates  as  a  solid  mitss  of  cells. 
This  undeniable  difference  is,  however,  easily  explnincd  in  the 
following  manner ;  In  the  sohd  fundaments  of  the  middle  germ- 
layer  a  ca\-ity  is  wanting,  because  the  cellular  walk  of  the  sac  are 
from  the  beginning  firmly  pressed  together,  in  cousequence  of  the 
yolk-mass  which  fills  the  cffilenteron.  In  addition  to  other  striking 
agreements  with  the  conditions  in  Amphioxus  lanceotatus,  there  are 
Uiree  poinfaiof  liewwhich  in  particular  commend  this  interpretation : — 

(1)  In  all  vertebmted  animals  there  early  arises  in  the  nuddle 
germ-layer  a  fissure,  which  is  surrounded  by  colls,  often  cubical  or 
cylindrical,  having  an  epithelial  arrangement.  The  parietal  and 
vi»c«ral  layers  then  take  the  form  of  epithelial  lamellte,  as  ia  to  be 
seen  in  an  esi>ecially  striking  manner  in  the  case  of  the  Selachii  at 
a  very  early  stage  of  development.  (2)  Fi-om  these  epitheUal  layera 
there  arise  in  the  adult  genuine  epithelial  membraneB,  like  the 
ciliated  peritoneal  epithelium  of  many  Vertt'brates,  and,  in  midition, 
glands  that  in  many  respecte  resemble  the  glands  derived  from 
e[nthelial  membranes  [of  the  other  germ-layers]  (kidney,  teetia, 
ovary).  (3)  The  objection  that  the  middle  germ-layer  of  Verte- 
brat«e  arises  as  a  single  cell-mass,  and  therefore  cannot  be  equi- 
valent to  two  layers  of  epitheiium,  loses  its  weight  with  every  one 
wh<'    knows  the   numerous  anulogous   phenomeTia  rf  develo]imcnt 
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occurring  elsewhere,  in  which  organs  that  Khonld  be  hollow  are  at 
first  developed  as  solid  masses  of  cells.  We  shall  hereafter  cite  as 
such  the  solid  fundament  of  the  neural  tube  in  Bony  fishes,  many 
sensory  organs  and  the  most  of  the  glandular  sacs,  which  latter 
arise  as  solid  bud*^  of  epithelial  lamellie,  and  only  later,  when  they 
become  functionally  active,  acquire  a  cavity  by  the  separation  of 
their  cells. 

SUMMABT. 

A.     ThebloHula, 

1.  Out  of  the  mass  of  cleavage-cells  (morula)  there  is  developed 
in  all  Vertebrates  a  sac-like  germ  (blastula)  with  cleavage-cavity. 

2.  There  are  four  different  kinds  of  blastulie  in  Vertebrates, 
according  to  the  amount  and  du^tribution  of  yolk. 

(a)  In  Amphioxus  the  cleavage^cavity  is  very  large,  and  its 

wall  consists  of  a  single  layer  of  cylindrical  cells  of 
nearly  uniform  sire. 

(b)  In  Cyclostomes  and  Amphibia  the  cleavage-cavity  ia  small : 

one  half  of  the  wall  of  the  blastula  is  thin,  and  composed 
of  one  or  several  layers  of  small  cells ;  the  other  half  ia 
considerably  thickened,  and  formed  of  large  yolk-cells 
arranged  in  many  superposed  layers. 

(c)  In    Fishes,    Keptiles,    and    Birds  (meroblastic    eggs)   the 

cleavage-cavity  is  small  and  fissure-like  or  wanting. 
Only  its  roof  or  dorsal  wall  consists  of  cells  (germ-disc) ; 
its  floor  or  ventral  wall,  on  the  contrary,  consists  of  the 
yolk-mass  which  has  not  been  divided  into  cells,  but 
which  contains  yolk-nuclei  in  the  vicinity  of  the  margin 
of  the  germ-disc. 

(d)  In  Mammals  the  cleavage-cavity  is  very  spacious,  and  filled 

with  an  albuminous  fluid ;  its  wall  is  composed  of  a  single 
layer  of   greatly  flattened    hexagonal  cells,   with   the 
exception  of  a  small  thickened  place,  where  larger  cells  * 
in  several  superposed  layers  cause  an  elevation  which 
projects  into  the  cavity. 

B,     The  cup-shaped  larva  or  gastruia  \mth  tvx>  germ-layers, 

1.  There  is  formed  out  of  the  blastula,  by  the  invagination  of 
a  portion  of  its  surface,  a  two-layered  form,  the  beaker-larva  or 
gn  strula. 

2.  The  two  layers  of  the  double  beaker  are  the  outer  and  the 
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inner  geim-layer  (ei-toblast,  entoblast) ;  the  fiasiire  wpaniting  the 
two  layers  is  the  oliUtenited  cleHvage-cavity ;  the  cavity  reeulling 
from  the  invagination  is  the  coelent^ron,  its  extemnl  opening  the 
primitive  month  (blastopore,  proetoma,  crescentic  groove,  primitive 
groove), 

3.  The  four  kinds  of  gantruie  corrwpond  to   the  four   kinds   of 
bkstobe. 

(a)  In  AmpbioxuB  the  coslenteron  is  wide,  and  each  germ- 
layer  ifl  made  up  of  a  single  sheet  of  cylindrical  celU. 

(6)  In  Cycloefomea  and  Amphibia  the  mass  of  yolk-celU  is 
accumulated  on  the  ventral  wall  of  the  ccelenteron  in 
the  inner  germ-layer,  and  cause))  a  protubemnce,  by 
meauK  of  which  the  ccelenteron  in  reduced  to  a  fissure. 

(e)  In  Fishes,  Reptiles,  and  Birds  the  process  of  invagination 
remains  confined  to  the  germ-disc,  since  the  unsegmented 
yoik,  on  account  of  its  considerable  volume,  cannot  be 
made  to  share  in  the  invagination.  The  germ-diac 
becomes  two-layered  by  means  of  an  ingrowth  ot  cells 
at  the  cresceutic  groove  (blastopore).  The  yolk  acquires 
a  cellular  boundary  very  slowly  and  at  a  lat«  period ; 
it  is  overgrown  by  the  margin  of  the  germ-disc, 
when  the  supplementary  cleavage  (yolk-nuclei)  takea 
place. 

The  outer  germ-layer  spreads  itself  out  and  envelops 
the  yolk  most  rapidly ;  then  follows  the  inner,  and  finally 
the  middle  layer. 

(<f)  In  Mammals  the  inner  germ-layer  is  developed  from  the 
thickened  region  of  the  blastula,  probably  by  means  of 
an  invagination,  because  at  a  later  stage  an  orifice  of 
invagination,  comparable  with  the  primitive  groove  of 
Birds,  or  a  blastopore,  can  be  demonstrated.  At  the 
beginning  of  its  development  the  inner  germ-layer 
t«rminat«H  below  in  a  free  margin,  so  that  the  ccelen- 
teron is  for  a  time  closed  in  on  the  venti-al  side  by  the 
outer  germ-layer  only,  a  peculiarity  which  is  comparable 
with  the  conditions  in  Reptiles  and  Birds,  if  we  conceive 
the  yolk-material  to  have  disappeared  in  ^is  instance 
before  it  is  completely  surrounded  by  the  inner  germ- 
layer. 

4.  In   Vertebrates   the    gastmla    presents  a  sharply   expressed 
bilateral  symmetry,  so  that  one  cnn  easily  distinguish  the  future 
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head-  and  tail-ends,  the  future  dorsal  and  ventral  sides  of  the  body. 
The  blastopore  (crescentic  groove,  primitive  groove)  marks  the 
posterior  end.  The  ventral  side  is  characterised  by  being  the  place 
where  the  segmented  or  unsegmented  yolk-material  comes  to  lie. 

C.     The  embryo  vyithfour  germ-layers  and  a  body-cavity. 

1.  In  all  Vertebrates  there  are  formed  from  the  roof  of  the 
coelenteron  two  lateral  evaginations  of  the  inner  germ-layer,  by 
means  of  which  the  coelenteron  is  divided  into  a  median  cavity,  the 
secondary  intestine,  and  two  lateral  cavities,  the  two  body-sacs. 

2.  The  primary  inner  germ-layer  is  resolved  in  consequence  of 
this  process  of  evagination  into  thi-ee  parta : — 

First,  the  epithelial  lining   of  the  intestinal  tube   (secondary 

inner  germ-layer — Darmdriisenblatt). 
Secondly,  the  epithelial  lining  of  the  body-cavity,  or  the  middle 

germ-hiyer,  in  which  a  parietal  and  a  visceral  layer  are 

distinguishable. 
Thirdly,  the  chorda,  which  takes  its  origin  from  the  portion  of 

the   primary  inner  germ-layer  which  lies  between  the 

lat(»ral  evaginations  from  the  roof  of  the  coelenteron. 

3.  Two  modifications  of  the  process  of  evagination  can  be  recog- 
nised in  the  case  of  Vertebrates. 

(a)  In  Aniphioxiis  the  evaginations  are  small,  numerous,  and 

segmentally  arranged;  provided  from  the  first  with  a 
cavity ;  and,  beginning  in  the  fundus  of  the  coelenteron, 
developed  toward  the  blastopore. 

(b)  In  the  remaining  Vertebrates,  instead  of  hollow  sacs,  there 

grow  out  from  the  inner  germ-layer  two  solid  masses  of 
cells : — 

(1)  In  the  vicinity  of  the   blastopore   (primitive  groove, 

peristomal  mesoblast). 

(2)  From  here  forward  along  the  roof  of  the  coelenteron, 

at  a  slight  distance  from  the  median  plane,  at  both 

sides  of  the    fundament    of    the  chorda  (gastral 

mesoblast). 

The  paired  fundaments  spread  themselves  out  from 

their  place  of  origin   between  the  two  primary  germ- 

layei's  farther  forward  and  ventralward. 

4.  The  three  organs  derived  from  the  primary  inner  germ-layer 
(middle  germ-layer,  fundament  of  the  chorda,  secondary  inner  germ- 
layer)  are  separated  from  one  another  by  constrictions. 
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irst,  the  body-sacs  aie  detiichiMi  from  the  fundament  of  the 
chorda  und  the  eutobtast,  whereupon  the  edges  of  the 
parietiii  and  visceral  kmelhe,  ihiis  set  fi-ee,  fuse  with 
euch  other. 

Seeoiidly,  the  fundament  of  the  chorda  is  bent  into  a,  chordal 
groove,  and  this  is  converted  into  a  solid  rod,  which  is 
completely  isolated  from  the  entoblast. 

Thirdly,  the  entoblast  closeu  together  into  a  tube  with  a  doraal 


6.  Tb«-  development  of  the   three  fundaments,  as  also  that  of 

various  other  organf,  begins  at  the  head-end  of  the  emlryo,  and 

'  lulvances  from  here  toward  the  blajstopore,  where  for  a  long  time  a 

'    continual  formation  of  new  parts  und  an  increase  in  the  longitudinal 

growth  of  the  body  take  place. 

6.  During  the  development  of  the  middle  germ-layer,  the  blasto- 
}iore  of  the  Ampliibians,  Fiidies,  Reptiles,  Birds,  and  Mammak  has 
bepti  metiimorphosed  into  a,  groove  occupying  the  longitudinal  axis 
of  the  embryo  (primitive  gi-oove  of  the  higher  Vertebrates). 

7.  The  blustojiore  and  the  primitive  gi'oove  in  later  stages  of 
development  undergo  degeneration,  and  are  not  converted  into  any 
organ  of  the  adult.     (For  the  details  of  this,  see  Fart  II.} 

6.  Before  their  disappearance  the  blHStojtore  and  primitive  groove 
are  surrownded  by  the  medullary  folds  and  taken  into  the  terminal 
port  of  the  neiu'al  tube,  whei-eby  a  direct  communication  between 
neural  tube  and  intes^al  tube— the  neurenteric  canu.1 — is  ejected. 
The  two  organs,  which  communicate  with  each  other  for  a  long  time, 
are  1&t«r  uepamted  by  its  closure. 


OHAPTER  VII. 
iiisronY  OF  THE  (lEJiMLAYnn  TBEonr. 

B  fundamental  facta  of  the  sheet-like  structure  of  the  vertebrate 
I  body,  which  have  been  treated  of  in  the  two  preceding  chaptere,  ai-e 
\  epitomised  as  the  doctrine  of  the  germ-layers,  or  the  germ-layer 
thooty.  Since  tliia  tlieiiry  is  of  the  most  far-reacliing  significjince 
tor  the  comprehension  of  the  evolution  of  form  in  animals,  and  can 
be  placed  side  by  side  with  the  cell-theory  as  coequal  with  the  latter, 
1  devote  a.  separate  chapter  to  ite  history. 

lU 
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The  very  earliest  establishment  of  the  germ-layer  theory  is  asso- 
ciated with  the  most  oelebrated  names  in  the  field  of  embryology : 
Caspar  Friedrich  Wolff,  Pander,  and  Carl  Ernst  yon  Baer. 

Caspar  Friedrich  Wolff,  the  discoverer  of  the  metamorphosis  of 
plants,  who,  even  before  Goette,  had  clearly  and  distinctly  stated 
that  the  various  organs  of  the  plant,  as,  for  example,  the  separate 
pai-ts  of  the  flower,  have  been  developed  by  various  modifications  of 
leaf -like  fundaments,  also  established  the  metamorphosis  of  animals, 
for  which  he  endeavoured  to  found  a  similar  law  of  development. 

He  showed  in  his  important  work  on  the  formation  of  the 
intestinal  canal  of  the  Chick,  that  it  originally  appeared  in  the  egg 
as  a  leaf-like  structiu^,  and  that  this  afterwards  became  folded  into 
a  groove,  and  finally  converted  into  a  tube. 

He  conjectured  that  the  remaining  systems  of  organs  might  arise 
iu  a  similar  way,  and  appended  to  the  account  of  the  development  of 
the  intestinal  canal  the  significant  assertion  :  '*  It  appears  as  though 
at  diflerent  periods,  and  many  times  in  succession,  various  systems 
might  become  formed  after  one  and  the  same  type,  and  as  if  they 
might  be  on  that  account  similar  to  one  another,  even  though  they 
cu*e  in  reality  diflerent.  Tlie  system  which  is  first  produced,  which 
is  first  to  take  on  a  8^)ecific  form,  is  the  nervous  system.  When 
this  is  concluded,  then  the  fleshy  mass,  which  really  makes  up  the 
embryo,  is  formed  after  the  same  type;  then  api^ears  a  third,  the 
vascular  system,  which  certainly  ...  is  not  so  unlike  the  first  ones 
that  the  form  described  as  common  to  all  systems  could  not  be  easily 
recognised  in  it.  After  this  follows  the  fouHh,  the  intestinal  canal, 
which,  again,  is  formed  after  the  same  type,  and  appears  as  a  com- 
pleted independent  whole,  similar  to  the  first  three." 

Wolff's  article,  written  in  Latin,  made  no  impression  on  his 
oontempoi'aries ;  it  had  to  be  rescued  from  oblivion  by  Meckel, 
who  published  a  Cerman  translation  of  it  in  1812.  It  was  probably 
by  means  of  this  translation  that  the  attention  of  Pander  was 
directed  to  Wolff.  Pander,  under  the  stimidus  and  direction  of 
his  celebrated  teacher,  Dollinqer,  further  developed  the  doctrine, 
the  germ  of  which  was  contained  in  Wolff's  paper. 

In  his  publication,  "  Beitrage  zur  Entwicklung  des  HUhnchens 
im  £i,''  issued  in  the  year  1817,  Pander  distinguished  in  the  blasto^ 
derm,  as  early  as  the  twelfth  hour  of  incubation,  two  thin  separable 
lamellae  as  the  serous  layer  and  the  mucous  layer^  and  main- 
tained that  subsequently  a  third,  the  vascular  layer,  was  developed 
between  tkem.     '*  Whatever  noteworthy  may  subsequently  oocm*," 
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he  remarks,  "  it  is  never  to  be  regarded  as  anything  elae  than  a 
metamorphosis  of  the  hUistoderm  and  it«  layeri,  endowed  as  they  are 
with  an  inexhaustible  store  of  formative  enei'gy."  A  Few  years 
latei-  the  germ-layer  theory  reached  at  the  hands  of  Cabi.  Eenst  Ton 
Baea  a  prehminary  completion,  which  eerved  for  some  time.  voN 
Bakr,  likewise  a  pupil  of  Dollinoeb,  had  observed  in  Wiiriburg  the 
beginning  of  the  inveetigationa  of  his  young  friend,  pAnnBR.  In 
laboriouB  studies  pursued  for  many  years,  Babk  followed  with 
wonderful  accuracy  the  origin  of  the  germ-layers  and  their  metA- 
morpboais  into  the  individual  organs  of  the  adult  body,  principally  in 
the  case  of  the  Chick,  but  also  in  the  case  of  some  other  Vertebratea, 
and  recorded  liis  investigations  in  bia  chtssital  work,  "  Ueber  Entwick- 
lungsgeschichtf  der  Thiere,  Beubachtung  und  Redexion,"  which  is 
Unsurpassable  both  in  obseiTations  and  in  its  general  standpoint*!. 

Babr  diffei-s  from  Pander  in  maintaining  that  each  of  the 
two  primary  germ-layei-s,  which  he  distinguishes  as  animal  and 
vegetative,  subsequently  divides  into  two  sheets.  The  animal 
germ-layer  divides  itself  into  dermal  Inraella  and  sarcoua  lamella 
(Hautschicht,  Fleiscbschicht),  the  vegetative  into  mucous  lamella 
and  vascular  lamella,  so  that  now  four  secondary  germ-layers  have 
arisen.  The  individual  organs  are  developeil  out  of  the  germ-layers 
by  morphological  iiud  histological  differentiation. 

A  further  advance  beyond  that  of  Baeb  could  not  be  attained 
until,  with  the  eattiblishment  of  the  cell-theory,  entirely  new  points 
of  view  were  introduced  into  morphology  and,  with  improved  con- 
Etruction  in  microscopes,  methods  of  investigation  were  refineil. 
It  is  chietly  Reuax  and  Kollikeb  who  have  promoted  the  germ- 
layer  theory  in  this  direction. 

Remak  took  in  hand  successfully  in  his  noted  investigations  on 
the  development  of  Vertebrates  the  very  important  question,  how 
th«  originally  similar  cells  of  the  germ-layers  are  related  to  the 
tiasuee  of  the  completed  organs.  Ha  showed  that  oat  of  the  lowest 
of  the  four  germ-layers  there  proceed  only  the  epithelial  and  glan- 
dular cella  of  the  intestinal  tube  and  its  appendages,  that  from  the 
uppermost  layer  the  epithelial  cells  of  the  epidermis,  the  sensory 
organs,  and  the  neri-ous  tissue  arise,  whei-eas  the  two  middle  layeis 
furnish  the  mechanically  sustentative  substances  and  the  blood,  the 
tnuaculnr  tisane,  and  the  urinary  and  sexual  organs. 

Ja  r^ard  to  the  maimer  in  which  the  four  secon<Iaiy  germ-layers 
arise,  Remak  diirers  from  Baeb.  Out  of  the  two  primary  germ- 
lajen  lie  firet  miikes  a  third  one,  the  middle  germ-layer,  arise,  and 
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indeed  he  derives  it  exclusively  from  the  lower  germ-layer  by  a 
process  of  fi^ssion.  He  designates  the  three  layers  as  the  upper  or 
sensorial,  the  middle  or  motor-germinative,  and  the  lower  or  trophic. 
The  four  secondary  germ-layers  of  von  Baer  come  into  esdstence 
subsequently  by  a  repetition  of  the  fission,  whereby  the  middle  germ- 
layer  is  split,  at  least  in  its  lateral  portions  (lateral  plates),  into  the 
dermo-fibrous  layer  and  the  intestino-fibrous  layer  (Hautfaser-  und 
Darmfaserblatt),  between  which  arise  the  thoracic  and  body-cavities. 

Kemak  in  hLs  account  approximates  the  true  state  of  affairs,  as 
detailed  in  the  preceding  chapters,  more  nearly  than  voN  Baer  ; 
however,  both  made  the  same  mistake  of  interpreting  the  formation 
of  the  germ-layers  as  always  a  process  of  disassociation  or  fir«ion. 
That  is  also  the  rock  on  which  were  wrecked  the  researches  of  numer- 
oas  other  invevStigators,  who  in  the  decennary  succeeding  Kemak 
dealt  with  the  important  question  of  the  origin  of  the  germ-layers. 
It  was  difficult  to  decide  this  question  for  the  higher  Vertebrates, 
which  have  l>een  most  fretjuently  investigated ;  so  that  very  contra- 
dictory opitiioDK  were  expressed  relative  to  the  development  of  the 
middle  layer — whether  it  was  exclusively  from  the  lower  (Remak), 
exclusively  from  the  upper,  or  from  both  layers. 

This  question  could  be  clearly  understood  only  upon  the  establish- 
ment of  new  general  standpoints.  These  could  be  acquired  only  by 
the  comparative  met/iod,  and  hy  the  study  qf  lower  Vertebrates  and 
the  Invertebrates, 

Ttoo  fundamental  processes  needed  to  be  better  comprehended: — 

(1)  How  a/re  the  ttoo  pHmary  germ-layei^s  developed  f 

(2)  How  are  the  two  middle  germ-layers  developed  f 

By  meaiis  of  the  comparative  developmental  method^  one  question 
has  been  brought  nearer  to  a  solution  in  the  gastrasortheoryy  the  other 
in  the  codom-theory. 

In  the  study  of  the  first  problem,  which  was  the  earlier  solved, 
Huxley  and  Kowalevsky,  Haeckel  and  Kay  Lankester,  have 
shown  especial  merit.  They  demonstrated,  partly  through  anato- 
mical, partly  through  embryological  studies,  that,  with  the  exception 
of  the  Protozoa,  the  body  of  every  invertebrated  animal  is  constructed 
of  layei^,  which  may  be  compared  with  the  primary  germ-layers  of 
Vertebrates. 

The  highly  gifted  English  zoologist  Huxley  distinguished  as  early 
as  the  year  1849  two  membranes  in  the  Medusae,  an  outer  and  an 
inner  layer,  out  of  which  alone  their  bodies  are  constructed ;  and  at 
the  same  time  expressed  the  happy  idea  that  physiologically  they 
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were  wiuivnlent  to  thp  scroas  and  tlie  iiiue<iiis  liiyei-s  of  liAER. 
Soon  after  this  (1^53)  Allhan  introduoed  for  the  layers  of  the 
Coelenterates  the  name«,  which  ni-e  now  so  much  employed,  eetoderm 
and  entoderm ;  HuhBetiuently  use  nos  also  mftde  of  these  for  deeignat- 
ing  the  embryonic  layers. 

The  gerui'layer  theory  wna  promoted  to  ft  slill  greater  degi-e©  by 
the  Buasiao  zwiogist  Kohai.evbky,  who  made  \^&  aoqtiaintod  in 
Dumeroiifl  excellent  detailed  investigations  with  a  profusion  of 
important  facts  concerning  the  embryology  of  Worms,  Ca'lenterates, 
Uolluscs,  Brachiopods,  Tanicntes,  and  Artliro]>oils.  Hfi  produced 
evidence  that  in  all  the  Invertebrates  which  he  investigated  two 
gertn-lfcyers  arp  fonuwl  at  the  beginning  of  development,  and  that 
I  in  almost  all  cai«s,  when  the  process  of  cleavage  is  at  nu  end,  a 
I  celloUr  sac  arlies,  and  thiit  thiH,  by  the  infolding  of  a  pait  of  the 
wall,  becomes  converted  into  a  double  cop,  the  cavity  of  which, 
enclosed  by  two  germ-layers,  communicates  with  the  outside  by 
meanfl  of  an  ojwning.  He  succeeded  in  establishing  the  esiHtence 
of  this  very  important  cup-shaped  larva  (gastrula)  in  many  branches 
of  the  animal  kingdom. 

In  this  connection  sliotild  be  mentioned  the  services  of  several 
other  embi7ologista,  who  at  n  still  earlier  period  had  observed  in 
I  iidbted  cases  the  eup-shaped  larva  mvt  it»  oriffm  by  m^atti  of 
\' JKMffinalUm.  Ruacx>tn  and  Kekak  had  described  the  cup-shaped 
y  Ikrvft  of  Amphibia,  Geobnbaub  that  of  the  Sagittte  or  arrow-worms, 
'    Mai  Scbcltze  that  of  PetromyKon, 

Whereas  Kowalevskt  by  his  series  of  inveBtigations  eni'iched  our 
knowledge  of  material  facts,    Hakcrbl  first  sought  to  utilise  the 
I    suae    for    a  gmierttl  thtfrry,    since  by  the  process  of  morphological 
eompimson  ho  brought  into  association  hitherto  disconnected  obser- 
vations.    Starting  from  the  development  and  the  anatomy  of  the 
I    Sponges,  he  compared  the  layer-like  structiu-o  of  the  embryos  of  all 
I    animals  with  the  luyer-like  structure  of  the  CcBlenterat«s,  and  pro- 
duced as  the  fruit  of  this  study  the  celebrated  gaatr eta-theory,  which, 
I    attacked  on  many  sides  at   the  time  of  its  publication,  haH  now 
found  in  its  essential  sul)stance  general  acceptance,  and  has  given 
the  impetus  to  numerous  investigations.     Hakckbl  showed  that  in 
the  development  of  the  various  classes  of  animals  from  the  Sponges  up 
to  Man  a  single  form  of  the  germ  makes  its  appearance,  the  giuttrula, 
which   consists  of   two  cell-layers,  and    that  the  two  cell-layers  of 
the  vftrioos  embryonic    forms    are    comparable  to    one  another  or 
L     homologous.     The  giistrula  tn    it^   simplest  condition   presents,  as 
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he  endeavored  to  establish,  the  form  of  a  double  cup  with  a 
ccelenteric  cavity  and  a  primitive  mouth,  but  may  be  greatly 
altered,  as  in  the  most  of  the  Vertebrates,  by  the  deposition  of 
yolk-material  in  the  egg,  so  that  the  original  fundamental  form  is 
scarcely  recognisable.  Ck)nsequently  he  distinguished,  according  to 
the  kind  of  modification,  different  forms  of  the  gcutrula,  as  beU- 
shaped,  cap-shapedf  diso-shaped,  and  vesicular  gastrtUas.  He  made 
the  various  forms  arise  by  a  process  of  invagination  from  a  still 
simpler  fundamental  form,  the  blasttUa,  which  is  the  final  result  of 
the  cleavage  process.* 

Haeckel  published  his  excellent  gsAtrsea-theory  in  two  articles  in 
the  Jenaische  Zeitschrifi :  (1)  ^^  Die  Gastrsdatheorie,  die  phylogenetische 
Classification  des  Thierreichs,  und  die  Homologie  der  Keimbl&tter," 
(2)  "  Nachtrage  zur  Gastneatheorie." 

At  the  same  time  with  Haeckel,  Bay  Lankesteb  in  England  was 
led  to  a  similar  theory,  which  he  had  worked  out  in  a  paper  full  of 
new  ideas  :  *'  On  the  Primitive  Cell-layers  of  the  Embryo  as  the  'Basis 
of  Genealogical  Classification  of  Animals." 

Both  Haeckel  and  Lankester  failed  to  point  out  how  the  forma- 
tion of  the  gastnila  takes  place  in  some  of  the  divisions  of  Verte- 
brates— in  Fishes,  Reptiles,  Birds,  and  Mammals.  Essential  service 
in  the  establishment  and  explanation  of  numerous  questions  of  detail, 
which  remained  imsettled  in  the  gastrsea-theory,  has  been  rendered 
by  Balfour,  van  Beneden,  Gerlach,  Goette,  Hoffmann,  Roller, 
Kaubee,  BtCKERT,  Selenka,  Duval,  and  others. 

Thus  through  Haeckel's  gastnea-theory  the  following  points  were 
gradually  cleared  up  :  (1)  The  two  primary  germ-layers,  which  form 
the  foundation   for  the    development  of  both   Invertebrates  and 

*  It  should  be  here  stated  that  even  Oken  and  C.  ERNST  v.  Baer  had 
set  forth,  although  in  a  very  indefinite  manner,  the  importance  of  the  veneular 
form  for  the  development  of  the  animal  body.  Oken  was  an  opponent  of  the 
germ-layer  theory  of  Wolff.  In  a  criticism  of  Pander's  investigations  he 
exclaimed  with  emphasis  and  a  certain  justice :  "  The  facts  cannot  be  so.  The 
body  arises  out  of  vesicles  and  never  out  of  layers/*  and  he  added  the  very 
pertinent  remark :  **  It  appears  to  me  as  if  it  had  been  entirely  forgotten  that 
the  yolk  and  the  yolk-membrane,  which  is  a  vesicle,  belong  es»ent%aUy  to  the 
body  of  the  germ ;  that  the  embryo  does  not  swim  upon  it  like  a  fish  in  the 
water,  nor  lie  upon  it  like  a  funnel  on  a  cask." 

In  a  similar  manner  Baer  remarks,  but  without  further  expounding  the 
relation  to  the  germ-layers  :  "  Since  the  germ  is  the  undeveloped  animal  itself, 
one  can  affirm,  not  without  reason,  that  the  simple  vesicular  form  is  the 
common  fundamental  form,  out  of  which  all  animals  are  developed,  not  only 
ideally,  but  historically." 
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Teptebnite*,  arise,  not  through  disasKOcintinii  or  fission,  but  through 
infolding  of  an  originally  simple  <«ll-lnyer.*  (2)  ThcMe  nre  coin- 
p&rabla  with  one  another  or  homologons,  becaiiae  they  are  developed 
according  U>  the  some  process,  and  because  the  two  Fundamental 
organs  of  the  body,  the  layer  which  limits  the  body  externally 
(the  ectodenn)  and  the  layer  which  lines  the  digestive  cavity  (the 
entoderm),  arise  from  them.  (3)  The  intestinnl  cnna!  of  all  animals 
arises  by  invagination. 

In  the  question  as  to  the  development  of  the  middle  germ-layer 
Haeckbl  remained  at  the  traditional  standpoint,  and  inclined  most 
to  C.  E.  VON  Baer's  view  that  the  parietal  lamella  arose  by  fission 
from  the  outer  primary  layer,  ami  the  viacei-al  lamella  from  the 
inner  genn-liiyer.  Most  embryologiHts,  who  worked  on  the  develop- 
ment of  Vei'tebrates,  entei'tained,  on  the  contrary,  Rehak's  view, 
and  uiaile  the  whole  middle  germ -layer  arise  from  the  inner 
by  fission. 

They  regarded  the  body-cavity  a^  a  fissure  in  the  middle  germ- 
layer,  and  compared  it  with  other  lymphatic  npacee,  such  aa  occur  in 
the  connective  tissue  at  various  places  in  the  body. 

The  correction  of  this  view  was  imdertakeii  by  various  persons 
in  the  same  manner  aa  in  the  case  of  the  primary  germ-layers.  By 
detailed  study  of  the  formation  of  the  germ-layei's  in  the  C'hick 
and  Mammals,  Kollikbh  found  that  t!ie  middle  germ-layer  did  not 
simply  split  itself  off  from  the  inner,  but  that  it  arose  from  a  limited 
r^ion  of  the  blastoderm,  namely,  from  the  primitix'e  groove,  where 
the  two  primary  germ-layers  are  continuous.  He  maintained  that 
from  this  region  it  grew  out  between  the  two  primaiy  germ-layera 
aa  a  solid  cell-mass,  and  that  subseqaently  the  body-cavity  appeared 
in  it  by  means  of  its  fission  into  two  layers.  This  was  an  essential 
Advance  in  the  representation  of  the  actual  state  of  affairs. 

But  a  deeper  insight  into  these  embryonic  processes  in  Vertebrates 
wn«  first  acquired  in  this  c-ose  also  through  the  study  of  Invertebrates, 
especially  through  the  important  di.-<coveries  of  METatrnNiKOFF  and 
KuwALEVSRv  concerning  the  formation  of  the  body -cavity  in  Echino- 
denns,  Bala  nog!  oatius,  Ohtetognathi,  Brachiopod^,  ami  Ampliioxus. 
The  former  found  that  iu  the  larva-  of  EchinodermB  ami  in  Toroaria, 
tlie  larva  of  Balanoglossus,  the  walls  of  the  body-cuvity  are  formed 
from  evaginations  of  the  intestinal  canal.    But  a  still  great«r  sensation 

*  It  is  still  Dffimie<1  by  severHl  aathon  for  certain  Invertebrates  that  the 
•T  germ-lajer  devElops,  not  bj-  icfoMlag,  but  by  a  splitting  off  or  delamiQa- 
o  the  onler  {piTm-laver. 
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waa  created  when  Kowalevsky  in  1871  published  his  "  Embryology  of 
Sagitta/'  and  showed  liow  the  coeleuteron  of  the  gastrula  was  divided 
by  two  folds  into  three  cavities, — into  the  secondary  intestinal  cavity 
and  into  the  body-cavities :  this  discovery  was  afterwards  fully  con- 
firmed by  the  investigations  of  BOtschli  and  the  author.  After  a 
short  interval,  Kowalevsky's  account  of  the  development  of  Sagitta 
was  followed  by  his  work  on  Brachiopods,  in  which  he  again  enriched 
science  with  the  new  and  important  fact,  that  in  this  class  also  the 
body- cavity  was  formed  in  the  same  way  as  in  the  case  of  the 
Chastognaths.  This  was  followed  by  his  fundamental  work  on 
Amphioxus. 

Through  the  important  discoveries  made  oh  Invertebrates,  Huxlby, 
Lankester,  Balfour,  my  brother  and  I  were  stimulated  to 
theoretical  speculations  concerning  the  origin  of  the  body-cavity 
and  the  middle  germ -layer  in  the  animal  kingdom. 

Huxley  distinguished  three  kinds  of  body-cavity  according  to  their 
origin:  (1)  an  eitteroccelj  which  arises  as  in  Sagitta,  etc.,  from  evagi- 
nations  of  the  ccelenteron ;  (2)  a  schizoccely  which  is  developed  by 
means  of  fission  in  a  mesodermal  connective  substance  lying  between 
the  integument  and  the  intestine ;  (3)  an  epiccd^  which  is  formed  by 
an  invagination  of  the  surface  of  the  body  like  the  perithoracio 
space  of  the  Tunicates.  The  last  kind,  Huxley  thinks,  may  perhaps 
correspond  to  the  pleuroperitoneal  cavities  of  the  Vertebrates. 

Lankester  makes  Huxley's  paper  his  starting-point.  He  gives 
preference  to  the  hypothesis  of  the  common  origin  of  the  body- 
cavity  in  all  animals  until  decisive  proof  of  diverse  origins  is 
produced ;  and,  in  fact,  he  makes  the  schizoccel  arise  out  of  the 
enterocopl  in  the  following  manner.  Evaginations  of  the  ccelenteron 
have  lost  their  lumen,  and  therefore  are  begun  as  solid  oell-masaes, 
which  only  subsequently  acqiure  a  cavity.  While  Lankestbb  in 
this^  as  well  as  in  a  second  publication,  overlooks  existing  differences 
in  his  effort  to  reduce  everything  to  a  single  scheme,  Balfour  in 
various  essays  takes  more  fully  into  account  in  his  speculations  the 
actual  condition  of  affairs ;  he  also  limits  himself  chiefly  to  the 
explanation  of  the  conditions  in  Vertebrates.  In  investigating  the 
development  of  Selachians,  he  made  the  important  discovery  that 
the  middle  germ-layer  arises  from  the  lateral  margins  of  the  primi- 
tive mouth,  and  at  first  consists  of  two  separate  masses  of  cells, 
which  grow  out  forwards  and  laterally  into  the  space  between  the 
two  primary  germ-layers.  Since  in  each  cell-mass  a  separate  cavity 
soon  makes  its  appearance,  he  designates  the  body-cavity  as  from  tbQ 
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.  ipnired  structure,  find  comimres  it  to  the  body-s»icK 
developed  in  Invertebrates  by  evaginatioo  fnim  tba 
Balfouh  jiiatly  alleges  that  the  originnliy  soiid  con- 
dition of  the  two  fundaments  can  have  no  weight  against  his  inter- 
pretation, fdnce  in  numerouw  instances  organs  which  ought  properly 
to  niutain  cavitieH  aro  developed  solid,  and  subsequently  become 
hallow,  06,  foi-  example,  in  many  Echinodemui  one  encounters  nioliit 
cell-maAses  in  place  oE  hollow  evaginations  of  the  cojlenteron, 

Led  by  theoretical  considerations  similar  to  those  of  the  English 
morphologists,  my  brother  and  I,  by  a  thorough  compariwin  of  de- 
velopmental and  anatomical  conditions,  and  with  due  regard  to  the 
morphological  and  histological  structure  of  organisms,  then  en- 
deavore<l  to  bring  to  a  solution  this  i|ue»ition  of  the  day. — the  question 
of  the  development  of  the  body-eavity  and  the  middle  germ-layers, — 
by  Hy^tematic  investigations  (published  in  "  Studien  zor  Blatter- 
theorie"),  which  extended  over  Invertebrates  and  Vertebrates. 
The  results  of  these  series  of  investigations  were  published  in  two 
articles:  (1)  in  the  " Ctplomtheorie,  Versuoh  einer  Erklarung  des 
mittleren  Keimblattes,"  and  (2)  in  the  "  Entwicklung  des  mittleren 
Keimblattes  der  Wirbelthiere." 

In  the  first  paper,  in  order  to  prepare  the  way,  we  were  compelled  to 
give  the  Urm  yer-mrlayer  a  mm'e  preeUe  dejvnitwn.  We  dtetignated 
aa  anch  a  lai/er  of  embtyonu;  etUa  which  art  arranyfd  tilct  an 
epithelium  awl  aerve  Jor  the  limitation  of  the  »ur/act»  of  tlie  body. 
At  the  close  of  segmentation  there  is  only  oae  ijirmi'layer  preient; 
namely,  the  epilhelitim  of  iht  itliuluia.  The  reniainini)  gerin'laya-i 
arite  from  il  by  the  proeeaset  of  invagination  ami  efatfitialion.  The 
inner  germ-layer  it  formed  by  means  of  gitetralatioii,  the  two  middle 
gtrm4ayer»  bij  the  foniuUion  of  the  body-eaviliea,  in  that  Itoo  body-mee 
art  evaginated  frmn  t/ie  calenteron,  anil  ffrow  out  betuffn  and  separate 
the  two  primary  yerin^layere.  Thera  are,  in  the  first  place,  animals 
which  are  foi-med  of  two  germ-layei-s,  and  possess  in  their  bodies  only 
mie  cavity,  a  ca<lenteron,  produced  by  invagination  (Ooelenterata 
and  PBeudoctttia),  and,  secondly,  animals  with  four  germ-layers,  a 
secondary  intestine,  and  a  body-cavity  derived  from  the  ca;lent«ron — 
an  euterocffil.  To  the  two-layered  animals  belong  the  CfelenterateH 
atii]  the  Pseudocfels,  but  all  fonr-layereil  animals  ai-e  Enterocfflla. 

From  this  staiidjioint  we  endeavored  to  prove  that  hitherto  there 
had  boon  cnufuseil  under  the  conception  "middle  germ-layer"  two 
things  which  are  genetically,  morphologically,  and  histologically 
entirely  diffei-ent. 
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BeRidei;  the  cell-layers  which  aroRe  by  invaginatioD  there  had  been 
assigned  to  the  middle  germ-layer  cells  which  detach  themselves 
individually  from  the  primary  germ-layers,  and  give  rise  between 
the  epithelial  layers  of  the  body  to  the  sustentative  substances,  and 
also  to  the  blood,  when  such  exists.  Embryonic  cells  of  that  kind, 
which  are  formed  by  emigration  into  the  space  surrounded  by 
the  germ>layers,  we  named  the  mesenchj/nuUic  germ,  and  the  tissue 
produced  from  them  mesenchyme.  This  occurs  as  well  in  two- 
layered  as  in  four-layered  animals.  In  our  opinion  a  sharp  distinction 
must  be  made  between  the  formation  of  germ-layers,  which  is 
correlated  with  the  morphological  differentiation  of  the  body,  and 
the  formation  of  mesenchyme, — which  will  especially  engage  our 
attention  in  one  of  the  next  chapters, — if  clearness  and  a  uniform 
principle  are  to  be  introduced  into  the  whole  germ-layer  theory. 

In  the  second  article  it  was  our  aim  to  show  that  in  the  Vertebrates 
a  middle  germ-layer  is  developed  by  infolding.  For  that  purpose 
the  development  of  Amphibia,  Fishes,  Reptiles,  Birds,  and  Mammals 
was  compared  with  the  development  of  Amphioxus,  and  thus  was 
acquired  the  foundation  upon  which  is  based  the  account  of  the 
development  of  the  middle  germ-layer  given  in  the  preceding  chapter. 

After  the  publication  of  these  two  papers,  there  appeared  numerous 
articles  by  van  Beneden,  Duval,  Heape,  Hoffmann,  KOllikbr, 
KoLLMANN,  Rabl,  RtJcKERT,  Strahl,  Waldeyer,  and  others,  through 
which  valuable  facts  concerning  the  development  of  the  middle  germ- 
layer  in  the  different  classes  of  Vertebrates  have  been  made  known. 
In  some  of  these  the  chief  points  of  view  of  the  ccelom-theory  were  in 
general  recognised  as  correct,  attempts  were  made  to  modify  details, 
but  especially  was  the  question  of  the  formation  of  the  mesenchyme 
of  the  Vertebrates  actively  discussed. 


The  m^echanical  pi'iiiciple  of  the  pi'oceas  of  dev>elopnierU,  by  meam  of 
which  the  geT^n-layei'8  arefoi'm^d^  and  aui  of  these  the  separate  organSj 
is  appreciated  in  its  full  significance  by  only  a  few,  and  in  text-books 
particularly  has  not  been  adequately  presented. 

Among  the  founders  of  the  germ-layer  theory.  Pander  best  com- 
prehended this  principle.  '*  The  blastoderm,"  he  8a3rs  in  one  place, 
*^  forms,  exclusively  through  the  simple  process  of  folding,  the  body 
and  the  viscera  of  the  animal.  A  delicate  thread  attaches  itself  as 
the  spinal  cord  to  it,  and  scarcely  has  this  taken  place,  when  the 
blastoderm  sends  the  first  folds,  which  themselves  necessarily  designate 
the  position  of  the  spinal  cord,  as  an  envelope  over  the  exquisite  fila- 
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ment,  thus  forming  the  first  foundation  of  the  body.  Hereupon  it 
producer  new  folils,  which,  in  contradistinction  to  the  first,  give  Kbnpe 
to  the  abdominal  and  thoracic  cavitiee,  together  with  thei. 
And  for  the  third  time  it  sends  out  folds  to  envelop  i 
raembranes  the  fietua,  which  it<  formed  ont  of  it  and  by  mi 
Therefore  it  need  not  surprise  any  one  if,  in  the  ooui 
narration,  bo  much  is  said  about  folds  and  envelopes.' 
order  to  avoid  misunderstandings  be  adds  in  another  plnce  the 
important  statement  that  "  whei'ever  anything  is  said  about  the 
folds  of  the  skin,  one  is  not  to  imagine  a  lifeless  membraae,  whose 
mechanically  produced  folds  would  necessarily  spread  themselves  over 
the  whole  surface,  without  allowing  themselves  to  be  limited  to  a 
clefiuito  space,  The  folds  which  cause  the  metamorjihosis  of  the  skin 
Ate  rather  themselves  of  organic  origin,  and  are  produced  at  the 
appropriate  place,  either  through  increase  in  the  size  of  the  (qiheriiles 
already  present  there,  or  thi-ough  an  accession  of  new  spherules, 
without  the  remaiiung  [lart  of  the  hhistoderm  being  thereby  altored." 
Pander's  successoi-s  have  expressed  themselves  concerning  the 
tnechanutm  of  foldings  much  less  clearly ;  the  most  of  them,  indeed, 
not  at  all.  The  whole  doctrine  was  in  fatt  condemned  by  Rudolph 
Waohbr  as  positively  erroneous.  "  It  will  occur  to  no  one,"  he  says 
,  in  his  *'  Lehrbuch  der  Physiologie,"  "  to  imagine  the  three  germ- 
layers  to  be  Uke  the  leavee  of  a  book.  No  one  will  entertain  the 
mechanical  conception  that  the  embryo  arose  by  a  folding  process  of 
these  three  layers," 

Aftor  PandEB,  LoTkb  was  the  next  to  be  occupied  with  the 
"  Mechauik  der  Gestaltbildiing,"  as  has  been  pointed  out  by  Rauber 
>  history  of  this  topic  He  de^gnates  "unequal 
mequal  vegetation  "  as  the  cause  of  the  changes  of 
n  pjirt  only  appear  to  be  shiftings,  out- pocket ings, 
ir  extonsions,  but  in  part  are  actually  such,  being 
n  this  way  by  mechanical  tmction  and  pressure. 
'nt  times  Hia  hfts  prosecuted  the  study  of  embryology 
o-]ihysiological  standpoint  more  intensely  than  all 
ind  has  also  particularly  emphasitied  the  signili- 
a  of  folding  for  the  formation  of  the  body.  The 
two  principal  writings  of  His  in  this  connection  are ;  "  Unter- 
suobungen  iiber  die  ersto  Aniage  dee  Wirbelthierleibea "  (18G8), 
and  "  Unsere  Kiirjierform  uud  das  physiologische  Problem  ihrer 
EntetehuQg  "  (1874).  While  I  refer  for  details  to  the  original  ]>apers; 
remark    that,   notwithstanding   manifold    agreements,    I  cannot 
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in  important  points  assent  to  His's  view.  When,  for  example, 
His  (1874,  p.  50)  seeks  to  reduce  the  mechanics  of  form  to  the 
simple  problem  of  the  form-changes  in  an  unequally  stretched 
elastic  plate,  in  my  opinion  he  overlooks  the  fact,  that  a  plate  com- 
posed of  cells,  even  if  it  possess  elastic  properties,  is,  nevertheless,  a 
much  more  complicated  structure,  and  that  the  processes  of  folding 
and  evagination  are  primarily  produced  by  the  energy  of  the 
growth  of  special  groups  of  cells,  and  are  therefore  not  to  be  com- 
pared with  the  bendings  and  stretchings  of  elastic  plates.  As 
Fakder  has  already  emphatically  stated,  one  is  not  to  imagine  in 
the  folding  processes  a  lifeless  membrane,  but  rather  the  folds  are 
themselves  of  organic  derivation,  called  forth  at  the  proper  place  by 
a  cell-multiplication  at  that  place.  For  this  reason,  too,  Haeckel 
in  his  polemic,  '*  Ziele  und  Wege  der  heutigen  Entwicklungs- 
geschichte,"  has  attacked  this  method  of  treating  embryology, 
introduced  by  His. 

That  the  morphological  differentiation  of  the  animal  body  primarily 
rests  ui)on  a  process  of  folding  of  epithelial  lamellie,  my  brother  and 
I  have  endeavored,  by  means  of  an  abundant  series  of  observations, 
to  demonstrate  in  a  still  more  exhaustive  manner  than  our  pre- 
decessors. In  our  "  Studien  zur  Blattertheorie  "  we  have,  in  the  first 
place,  directed  attention  to  the  Coelenterates  as  the  animal  organisms 
in  which  the  principle  of  the  formation  of  folds  is  most  clearly 
shown  throughout  the  whole  organisation,  even  into  details;  and, 
secondly,  we  have  endeavored  to  establish  for  Vertebrates  that 
organs  like  the  body-cavity,  chorda,  and  primitive  segments,  which 
it  was  claimed  ai*ose  by  a  separating  and  splitting  of  cell-layers, 
likewise  come  into  existence  through  the  typical  process  of  foldings 
and  constriction. 

Finally  we  have  endeavored  to  point  out  a  physiological  cause 
for  the  unequal  growth  of  a  cell-membrane,  and  have  found  such  in 
the  Coelenterates  in  the  unlike  functional  activity  of  its  various 
regions.  Parts  of  a  membrane  will  grow  more  rapidly  and  must 
become  infolded,  when  in  consequence  of  their  position  they  are 
called  upon  to  accomplish  more  than  neighboring  regions. 

In  concluding  this  historical  sketch  attention  should  be  called  to 
the  fact  that  C.  E.  voN  Baer,  in  the  general  discussion  of  embryo- 
logical  processes,  was  the  first  to  distinguish  clearly  between  the 
events  of  morphological  differentiation,  which  take  place  in  the 
beginning  of  development,  and  those  of  physiological  differentiation, 
which  occur  later. 
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CHAPTER  VIII. 
DBVELOFMENT  OF  THE  PRIMITIVB  SBQMEXTS. 
I  Tbx  more  one  pursueR  the  development  of  Yertebrat«8  into  later 
[  itagee,  the  more  numerous  become  the  changes  which  lumultaiieoiiBly 
)  ftiqieor  in  the  liifFerent  regions  of  the  embryonic  body.  We  cannot 
I  here  undertake  to  describe  step  by  step  the  proceRsen  which  are 
I  «multaneo<isly  accomplished,  for  by  that  method  the  presentatiou 

U 


would  become  fragmentary  and  tbe  comprehension  of  the  Mpumts 
processes  n-ould  be  made  more  difficult ;  but  it  is  nMesaary,  in  the 
iDt«re6t  of  a  didactic  method,  to  select  from  all  the  manifold  pheno- 
mena a  single  procefB  of  the  development,  and  to  follow  it  up  until 
it  has  come  to  a  preliminary  termination. 

After  the  formation  of  the  middle  germ-Iayei-  two  important 
processra  take  place  in  the  embryonic  fundiiment.  One  proeesB 
leads  to  a  division  of  tlie  middle  (jerm-lnycrs  into  the  two  lateral 
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platee  and  into  two  series  of  cuboidal  bodies,  which  are  Edtuated  at 
the  i-ight  and  the  left  of  the  chorda,  and  which,  under  an  erroneous 
interpretation,  were  formerly  called  protoverUbrte,  but  for  which  one 
should  now  substitute  exclusively  the  more  accurate  name  primitive 
tegments  [mesoblaitic  eomites].  The  other  process,  which  occurs  at 
about  the  same  time,  at  least  in  the  case  of  the  higher  Vertebrntea, 
leads  tfl  the  origin  of  those  cells  from  which  the  siiFtcntAtive  sub- 
stances and  the  blood  of  Vertebrates  ai«  derived. 
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In  this  clifipter  we  shftll  take  into  oonwderation  tbe  formation  of 
the  primUitv  seguieiiU  firal  in  the  eggs  of  Ampliiosus  and  the 
Amphibians,  and  tlK>ii  in  those  of  Fiahes,  Birtk,  anil  Mammals. 

In  AmphiosuH  the  formation  of  the  primitive  segments  is  more 
neiirly  simultuneouR  with  tlie  development  of  the  middle  germ- 
lajer  than  in  the  remaining  Vertebi-ates,  As  soon  us  the  two 
omlomic  sacs  begin  to  grow  out  from  tbe  cwlenteron  at  the  front  end 
of  the  embryo,  then?  begins  a  division  of  them  into  two  rows  of 
BBiHllBacd  lying  one  behind  the  other  (fig,  103  A,  B,  im),  and  this 
division  proceeds  from  in  front  biickwnrds.  Here  again  we  have 
to  do  with  u  (irocesB  of  foKling,  H-hich 
repeafai  itself  many  times  in  tht-  wime 
manni-r. 

The  wall  of  the  groove-like  co^lomic 
evagimttion,  composed  of  cylimirical 
cella,  beoomee,  at  a  little  distnnre  from 
its  head-end,  folded  ti-ansversely  to  the 
longitudinal  axis  of  the  embryo ;  this 
fold  grows  from  above  and  from  the 
Nde  downwards  intc  the  Ixxly-cavity ; 
in  the  snme  manner  a,  second  trans- 
verse fold  is  Hoon  formed  on  either 
Ride  of  the  body  at  a  little  distance 
behind  the  first ;  behind  the  second 
a  third,  a  fourth,  and  so  on,  at  the 
aame  rato  as  that  at  which  the  em- 
bryonal body  elongates  and  the  fun-  tinii  aritj. 
■dament    of    tbe    middle    germ  -  layer 

by  the  progrefw  of   the  evagination  toward  the  blasto- 

In  the  embryo  represented  in  fig.  lf)3  five  sacs  may  be  CDuntod  on 
cather  side  of  the  body.  The  evagination  is  taking  place  at  the 
region  marked  mk ;  it  advances  still  farther  toward  the  bIa.stopore 
and  gives  rise  to  a  considerable  series  of  primitive  segments,  the 
number  of  which  in  a  larva  only  twenty-four  hours  old  has  already 
iacreafied  to  about  seventeen  pairs.  The  primitive  segments  exhibit 
at  first  an  opening,  by  means  of  which  their  cavities  («»A)  are  in 
communinitiun  with  the  intestinal  cavity.  But  these  openings  soon 
begin  to  be  closed  in  succession,  by  theij-  margins  growing  toward 
cKch  other  and  then  coalescing;  this  takes  place  in  the  same  sequence 
OS  that  in  which  the  detachment  of  the  parti)  takes  place,  from  before 
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maKGUlature  of  the  body,  but  from  the  cavitios  of  tho  tatter  originates 
the  real  utisegm entail  bo<ly-cavity,  sinoe  the  [MirtitiimB  which  at 
first  separate  them  become  thinner,  break  through,  and  tiually 
disappear. 

Similar  procesriee  take  place  in  a  somewhat  modified  manner  in  the 
case  of  the  remaining  Vertebratew, 

In  the  Tritons  the  middle  germ-layer  (li;;.  105  A)  becomes 
thickened  on  both  sides  of  the  chonla  {ch)  iind  of  the  fundament  of 
the  central  nervous  fiyrttem  {»),  which  in  not  yet  clotted  into  a  tube, 
and  at  the  same  time  there  appears  a  cavity  {iisk)  in  its  thickened 
part,  caused  by  the  separation  of  the  visceral  and  parietal  lamellie. 
The  thickening  is  not  produced  by  an  increase  in  the  number 
of  the  layers  of  cells,  but  simply  by  the  fact  that  the  cvlU 
intrease  in  height  and  grfjw  out  into  long  cylinders,  wliiah  ar« 
aiT^nged  around  the  cavity  like  an  epithelium.  We  distinguish 
tliese  thickened  parts  of  the  miiliUe  germ-layer,  which  lie  on  eithrr 
Hide  of  tlie  chorda  and  the  nervous  system,  hn  tlie  }n-imitive-»gmerU 
platet,  from  the  lateral  parts,  or  the  hUral  plates.  In  the  territory 
of  the  latter  the  celU  are  tower,  and  ordinaniy  there  is  no  diatinctly 
marked  cavity  between  visceral  and  parietal  layer. 

Whereaa  in  Ampliioxus  tlie  procasi  of  forming  somites  extends 
iteelf  over  the  wliole  of  the  midille  gei-m-layer,  in  the  case  of  th* 
Amphibians,  and  likewirte  all  tlie  re- 
maiuiiig  VertebriLtee,  it  uHectA  niily 
the  part  which  is  next  to  the  chorda 
nnd  the  neural  tube,  leaving  the  Intenil 
plates,  on  the  contrary,  uutoucheil. 
The  xegmontalioii  begins  at  the  henil- 

I  end,  and  proceeds   nlowly  t«ward   thi> 

I  bhi«Uipore;  it  it>  oocompli^lied  by  fold- 
ing nnd  constricting  off.    Theepithelinl 

1  tamellft  next  to  the  neural   tube   and      itg    im    Fni=i»i   uctiim  i)irou«h 

I  the  chorda,  being  eomi>o3ed  of  eyiin-        J|rih''(Sj™e«i.J^°,'^^«X° 

I   drical  cells,    is  raised    up    into  smalt        m™". 
tranaverse  folds,  which,  separated  from        „^j  y,'^  |iiin.i»u«  •>«Ri<nu  °(«) 
each  other  by  intervals  of  uniform  size,        "'th  ""i'  mtiu™  (..A). 
grow  into  the  cavity  of  the  primitive- 
segment  plate,  iind  give  rise  to  smalt  sacs  lying  one  behind  the  other 
(fig.  106). 

Soon  afterwards  each  little  sac  is  constricted  off  from  the  lateral 


platea  (fig.  105  A  and  B).     Consequently  c 


leets,  both  i 
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tran8vei-se  and  frontiil  Kectionis  at  the  right  and  left  of  chorda 
and  neural  tube,  cubical  sacs  the  walls  of  which  are  formed  of 
cylindrical  cells ;  these  sacs  are  everywhere  surrounded  by  a  fissure- 
like space,  and  they  enclose  a  small  cavity  (the  primitive-segment 
cavity),  which  is  a  derivative  of  the  body-cavity.  From  the  front 
layer  of  the  fold  is  produced  the  posterior  wall  of  the  newly  formed 
segment,  from  iUi  posterior  layer  the  fi-ont  wall  of  the  remnant  of 
the  primitive- segment  plate,  or  of  the  sac  which  is  next  to  be  con- 
stricted off. 

Of  the  Vertebrates  which  are  developed  out  of  meroblastic  eggs,  the 
Selachians  appear  to  exhibit  most  clearly  the  original  mode  of  the 
formation  of  primitive  segments.  A  distinct  body-cavity  is  formed  on 
either  side  of  the  trunk  by  the  separation  of  the  parietal  and  visceral 
lamellaB  of  the  middle  germ-layer  (fig.  110).  The  dorsal  portion  of 
the  cavity,  which  flanks  the  neural  tube,  acquires  thickened  walls 
(mp),  and  corresponds  to  the  part  previously  designated  as  the 
primitive-segment  plate,  which  at  the  same  time  with  the  appear- 
ance of  the  body-cavity  begins  to  be  divided  into  primitive  segments. 
In  the  anterior  part  of  the  body  a  series  of  transverse  lines  of 
separation  become  visible  (fig.  195  mp^),  the  number  of  which  is 
continually  increased  toward  the  hind  end  of  the  body.  For  a 
long  time  th(j  cavities  of  the  primitive  segments,  which  are  sepa- 
rated from  one  another  by  these  transverse  furrows,  remain  in 
communication  ventrally  with  the  common  body-cavity  by  means 
of  narrow  openings.  One  may  therefore  describe  this  state  of 
affairs  by  sjiying  that  the  body-ciivity  is  pi-ovided  toward  the  back 
of  the  embryo  with  a  series  of  small  sac-like  evaginations,  which  lie 
close  together  one  after  the  other.  Afterwards  the  primitive  seg- 
ments are  entirely  constricted  off  from  the  body-cavity,  and  then 
their  thickened  walls  come  into  close  contact,  and  thus  cause  the 
disappearance  of  the  cavities  of  the  segments  (fig.  Ill  mp). 

Whereas  in  the  Sehichians  it  is  still  evident  that  the  formation  of 
the  primitive  segments*  depends  ujKjn  folding  and  constricting  off,  the 
process  is  obscured  even  to  obliteration  in  the  case  of  Reptiles,  Birds, 
and  Mammals;  this  is  referable  simply  to  the  fact  that  the  two 
lamellai  of  the  middle  germ-layer  remain  for  a  long  time  firmly 
pressed  together,  only  subsequently  beginning  to  separate,  and  that 
they  are  composed  of  several  layers  of  small  cells.  The  process  of 
^olding  and  conat'i'iciiny  off  appears  here  as  a  splitting  up  of  a  solid 
cell-plate  into  small  cubical  blocks. 

The  part  of  the  middle  germ-layer  that  is  next  to  the  chorda  and 
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neural  tube  appeal's  in  a  cross  section  of  a.  Chick  embryo  (lig.  1U7) 
lu  a.  compact  masu  {Pv)  consisting  of  many  superposed  small  cells, 
which,  aK  far  as  it  is  not  divideii  up  into  separate  blocks,  is  designated 
as    primitive-segment    plate 

or  protovertebi'ai  plate.     In  jj  si.  5     1 

fig.  107  it  IB  still  connected 
at  the  side  by  means  of  a 
thin  isthmus  of  tells  with 
the  lateral  plates,  in  whose 
territory  the  middle  germ- 
layerH  are  thinner  and  sepa- 
rated from  each  other  by  a 
fissure. 

lu  observing  the  blasto- 
germ  from  the  surface  the 
region  of  the  primitive' seg- 
ment plates,  as  is  to  be  seen 
in  the  posterior  part  of  a 
niue-days-old  Rabbit  embryo 
(6g.  108), Bppeiirsdarker  than 

'  the  region  of  the  latei'ol  phite; 
so  that  the  two  are  dis- 
tinguished from  eat-h  other ; 
one  is  stem-zone  (st:),  the 
other  parietal  zone  (p:). 

The  development  of  the 
primitive  segments  in  ol)- 
oervahle  in  the  Chick  iil  thi? 
beginning  of  the  second  day 

i  at  inculiution,  in  the  Rabbit 
at  about  the  eighth  day. 
Clear  transveche  streaks  iip< 
pear  in  the  stem-zone  nl 
tome  distance  tVom  the  primi- 
tive Mtreak,  about  in  tJie 
middle    of     the     embryonic 

fundament,  both  on  the  right  and  the  left  of  the  choi-dn  and  neural 
tube  (fig.  108).  They  correspond  to  transver.w  fissures,  by  means 
of  which  the  pi-imitive- segment  plates  are  divided  into  the  small 

,   and  solid  cubical  primitive  segments  (««■).      In  the  nine-days-old 

i  Rabbit  embryo  represented  in  fig.  108  these  plates  are  i-uaolved  in 


^^V      108                                                                             ^^^^^^^^^^^^1 

^H        front  iuto  eight  pairs  of  primitive  segments  (wio).  whereas  in  the    ^| 

^H        hind  end  of  the  Bmlirvnnic  ai'Cii  they 

still  have  the  form  uf  a  con- 

^H 

tinuous    mriss    of    cellit,    the 

^H 

stem-xone  («(*),  which  in  sur- 

^1             .^M^^^kt"' 

fiLoe-views     ajipears     darker 

^H        ^''-v.^^^^^^^^l^ ' 

than  its  Hiiri'oundings. 

In  a  aomewhat  more  ad- 

vimeed   stage    the   primitive 

H    '''-^^HI^^H 

segment,  which  probftbly  se- 

H      ^"^^^K^^^m-'-'^ 

ci-etes  ftt  the  name  time  fluid. 

develops   in   its   interior,  n» 

^1             ^^^^^Hi^^^If 

in  the  case  of  the  Amphibia 

^1                  ^^^^BI^^^B 

iiud  aelachii,a  cavity,  around 

^1     *"'~^^^B1^ — ''" 

which  the  cells  group  them- 

selves in   H   radial    manner. 

^1         ^^^^H^^^l 

This  cavity,  too,  is  at  first  in 

^H          ^^^Hn^^^A 

(.-onimunication  laterally  with 

^1           ^^^^HI^^^H 

the  fiaanre  of  the  body-cavity. 

H       '^'''^^^^HI^^^K 

until  the   primitive  segment 

^1    ''^'^^^^^^^^^B~' ' 

haa    been    fully    constricted 
ofl-. 

^K         l^^^^^^^^^^v 

In  Vertebrates,  besides  the 

^H             ^  ^'        Jm  M 

iruiik -region,  a  part  of  the 

^B                 m^^^fe^P^^r 

lieud-region  uf  the  embryo  is 

^V                    ^^^^^^gr 

alao  atfected  by  this  process 

^M                ^^^^^^ 

of    segmentation    which    we 

^H            Fi(.  loa.    Eibbit  (imbi7n  o(  Ui  olath  dij.  ua 

have  been  considering.     We 

^H                  rtoniUlgdorMliidc.iinerKaLLIKCH.    ltiigl<in<>.t 

must  therefore  apeak  in  the 

^H            TliB  nbno-uiM  (>!.-)  Mirl  llis  i.ulatJiJ  »iH  ( r°)  «" 

one    oui''   of    head -segments. 

and  in   th<:'  oth<^-  of  U'unk- 

^K             ddg  of  Uw  child.  uidD.i>nllBlM. 

time  the  number  and  condi- 

^H            bnin;  f^,  prtmlUvc  ••gmuit:  lU,  itam-inne; 

tion  of  the  head-segments  have 

^H             (tf  lbs  bodr-coriiT  ■  <■<  mirgju  n(  ibe  lalnuin  tu 

been  made  out  (by  Balpovk, 

^H                tiM  bod-gut  (i-nnl^K  D-:ri«p/mlt),  mn  tbrnilgh 

MiLSEs  Marshall,  and  vak 

^^1              U»  aTuljrlnB  Btractnm ;  af,  uniiiatli;  rolil ;  m. 

WlJUE)  most  accurately  for 

^r 

the  Selacliians,     In  this  in- 

stance  there  are  nine  pairs  of  hollow  head -segments.     Tn  the  higher       ^| 

Vertebrates  such  segments,  althougli 

1  fewer  in  number,  have  alao       ^H 

K        of  the  lattei-  deman<l  .till  further  in 

vesttgation.                                       ^M 

DEVELOPMENT   OF  T 

But,  in  any  event,  the  ttcciirn,t«  study  of  the  eHrlieet  embryonic 
Mgmentation  of  the  body  into  a  large  number  of  metamei'eti  yields 
this  remilt  of  the  highest  importance  for  the  general  morphobgy  of 
the  Vertebrate  body,  that  the  heatl  not  U»a  than  the  trunk  repregmUa 
a  mgmenUd  portion  of  the  body  and  hat  in  no  wtM  been  pi-oduced 
I   /rom  a  siiigk  jirinitive  MQinent. 

SUUUABV. 

1.  In    Vertebrates    the    middle    germ-layers    immotliately    after 
their  origin  are  differentiated  into  several  fuudaments  by  pruL-esses 

[   of  folding  and  constricting  oil'. 

2.  The  process  of  diiferentiation  in  the  middle  germ^luyer  exhibits 
two  modifications. 

(a)  In  Amphiosus  the  middle  gei'm-layere  are,  at  the  time  of 

their  first  appearance,  completely  separated  into  primitive 

s^ments  lying  one  behind  the  other. 
It  is  only  later  that  each  primitive  Hegment  in  divided  into  ii 

dorsal  ]K)rtion  (the  i-eal  primitive  segment)  and  a  venti-al 

portion. 
The  dorsal  portion,  or  primitive  segment  ]iro{)er,  furnishes  the 

trnnsventely  striped  muscidatnre  of  the  truuk. 
Tlie  ventral  segments  form  the  body-cavily,  whioh  is  at  first 

segmented,  but  afterwai'ds  with  the  disappearance  of  the 

partitions  Imtomes  a  single  cavity. 

(b)  In    alt  other  Vertehi-ates  the   fundliments   of   the   middle 

germ-lsyent  are  divided  tirst  into  a  dorsal  and  u  ventml 
region — into  the  primitive-segment  plates  and  the  lateral 
plates. 

The  latatU  pltile  remains  unsegiuenteil.  The  body-cavity,  which 
becouies  viable  in  it  by  Meparalion  of  the  parietal  and 
the  visceral  lamellie  of  the  middle  layer,  is  from  the 
beginning  on  each  side  of  the  body  a  angle  space. 

TTie  primitive-Mgment  ptute   alone    is   divided   into  successive 
primitive  segments. 
3.  The  segmentation  of  the  middle  germ-layers  also  extends  over 
Ibe  future  head-region  of  the  embi-yo.    One  therefore  distinguishes — 

(a)  Uead-wyments,  the  number  of  which  amounts  to  nine ; 

(6)  Trunk-K^vKnts,  the  number  of  which  is  constantly  being 
increased  during  the  development  of  the  posterior  trunk- 
region. 


CHAPTER  IX. 

DEVELOP.VENT  OF  CONNECTIVE  .SUBSTANCE  AND   BLOOD. 

{THE  MESENCHYME-THEORY.) 

With  the  question  of  the  origin  of  coanet.'tive  or  mechanii.^;  8di>- 
tentative  Bubsttince  and  blood  we  enter  a  very  difBcult  field,  tho 
cultivation  of  which  haB  now  been  taken  in  hand  successfully  by  many 
persumi.  Here  also  we  ttball  acquaint  ourselves  with  a  aiiuple  case 
fi-om  the  development  of  Invertebrates,  before  wo  begin  with  the  ' 
conditions  in  Vertebrates,  which  are  more  difficult  to  comprehend. 

In  C«elenlerateH  and  Kchinoderms  there  id  developed  between  the 
germ-layers,  which  ai-e  composed  of  epithelial  cells,  a  sustentative 
tiusue.      It  coiLststs  of  a  bouogeneuus  jelly,  in  which   are  sL'attei'ed  a 


few  ittolate^  spheroidal  or  stellate  cells,  which  aiv  capable  of  changing 
position  by  virtue  of  their  amteboid  motion.  It  is  usually  developed 
very  early ;  in  tlie  Kchinoderms,  for  example,  as  early  as  the  blastuln- 
Btage  (fig.  109). 

Into  the  cavity  of  tlie  blastiila  (.1 )  r  homogeneous  soft  auhstanoe,  the 
jelly-core  («.c),  is  secreted  by  the  epithelial  celb.  Into  this  jelly  there 
migrate  from  the  epithelium,  and  Indeed  from  the  particular  region 
which  at  the  ttma  of  giwti-ulation  is  infolded  (iig.    109  B)  &a  tha 
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iunor  germ-layer  (Ay)i  numerous  eelLs  {vu),  which  loose  their  epi- 
tfaeUal  character,  and  send  oul  processes  in  the  manner  of  lymph- 
corpuscles.  They  sooa  distribute  themselves  as  migratory  ceils 
everywhere  in  the  jelly. 

Ill  the  gn^nilu- stage  and  subseriiiently,  the  cell-containing  jelly 
between  the  outer  and  the  innergerm-hiyersrepretientsa  third  sheet, 
which  is  distiuguiitbed  from  the  latt«r  histologically,  and,  according 
to  the  definition  previously  given,  cannot  be  designated  as  a  middle 
germ  layer  i  for  by  thnt  definition  we  understand  the  term  to  be 
limited  to  a  sheet  of  embryonic  cellM,  having  an  epithelial  amitige- 
ment  and  l>oundiug  a  sui-face.  The  jelly-like  i;heet  in  a.  product  oj 
(Jie  genti-UiyerM,  which  may  be  distinguished  From  them  by  the  name 
HiAMtwAyifie  or  inUrmediiUe  layer  (Zwiachenblatt). 

Onc«  formed,  the  meseucbyme  cimtiaues  to  grow  as  an  independent 
tissue,  in  that  the  cells  which  nt  first  migrated  into  the  jelly  at  a 
defiiute  stage  of  development,  to  which  one  may  give  the  name 
mMBneAjfme-germ,  continue  to  increase  uninterruptedly  by  means  of 
oell-dindon.  In  its  growth  it  penetrates  into  all  the  interstices 
^^_  which  aruie  when  the  germ-layers,  a«  happens  in  many  C'Uilenterat«s, 
^^K  produce  the  most  complicated  stnicturra  by  the  forniatioti  of  folds  and 
^^H^Avaginations ;  it  fumisheit  everywhere  a  support  fur  the  epithelial 
^^^■byen  which  re^iose  u{K>n  it.  At  the  same  time  some  of  the  mesen- 
^^Bdiyme-cellscan  alter  their  original  hisUilogiciil  chitructer  as  aiinple 
^^^nrophtc  or  nutritive  celLj  of  the  intermediate  KubHtance.  Thus  hei-e 
^^P  Ktd  there  they  differentiate  cuoti-acUle  substance  at  tlieir  Burfacc, 
'  AoA  become,  as  is  to  be  seen  in  Gtenophores  and  Eehinoderms,  smooth 

muscle-cells,  the  ends  terminating  either  in  un 
dividing  themselvea  into  sei-eivi/  processes,  as  is  mo. 
cose  with  Invertebrates, 

In  Vertebrates  also,  after  the  two  primary  gei-m-h 
a  process  similar  to  that  which  we  have  just  t 

luud  to  the  formation  of  connective  tissue  and  blood,  two  tissues 
which  corres}>ond  uioiphologically  and  phyt^ologically  to  the  mesen- 
chyme of  luvei'tebrates. 

In  the  first  two  eiUtions  of  the  "  Lehrbuch  "  1  set  forth  that  the 
whola  mcisiinchyme-question  in  the  Vertebrates  was  still  in  a  nascent 
condition,  that  the  account  therefore  presented  nothing  final,  but 
bore  in  many  re8i>ects  the  chai-aclei-  of  the  protntional.  Since  that 
an  essential  advance  has  been  made  in  this  field.  Thanlcs  to 
the  investigations  of  Hatschek  uud  Raul,  of  ROckert,  Zikolek,  and 
TAB  WuBE,  we  have  acquired  more  accuiiLte  explanations  concerning 
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fine    point,   or 
e  fre«iiiently  the 


s  have  arisen, 
lidei'ed  appears  to 
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the  origin  of  the  connective  substances ;  the  question  of  the  origin 
of  the  vascular  endothelium  and  of  the  blood,  on  the  contrary,  is 
one  that  is  less  cleared  up.  This  determines  me  to  treat  the  two 
questions  separately  in  the  following  account. 

A.    The  Origin  of  the  Conneotiye  Tissues. 

Selachian  embryos  appear  to  be  the  most  suitable  objects  on 
which  to  trace  the  origin  of  the  connective  substances.  Here  the 
middle  gertn-layer  serves  as  the  matrix  for  the  mesenchymatic  tissue. 
At  the  time  when  the  primitive  segment  is  stiU  connected  below  with 
the  lateral  plates,  and  when  the  body -cavity  is  visible  in  the  latter, 
there  appears  a  cell-growth  at  the  lower  boi*der  of  each  primitive 
segment  on  the  side  which  is  directed  toward  the  chorda.  It  is  ordi- 
narily designated  as  sclerotome.  It  contains  at  first  a  small  evagi- 
nation  of  the  body-caWty  (fig.  258  A  sic).  At  the  restricted  place 
designated,  which  is  marked  off  from  its  surroundings,  and  which 
reciu*s  on  each  primitive  segment,  cells  in  large  numbers  (fig.  110 
sk)  individually  detach  themselves  from  the  epithelial  layer,  remove 
by  active  migration  from  their  place  of  origin,  like  the  mesen- 
chymatic cells  of  Invertebrates,  and  distribute  themselves  in  the 
space  which  is  limite<l  on  the  one  side  by  the  inner  wall  (mp) 
of  the  primitive  segment,  and  on  the  other  by  the  chorda  (ch) 
and  the  neural  tube  (nr). 

At  the  time  of  their  appearance  the  amci^boid  cells  are  separated 
by  only  a  small  amount  of  inter-cellular  substance:  they  increase 
rapidly  in  number,  and  thereby  soon  crowd  chorda,  neural  tube,  and 
primitive  segment  farther  apart  (fig.  111).  The  segmental  arrange- 
ment which  the  growths  exhibit  at  their  first  api)earance  (fig.  195  Vr) 
very  early  ceases  to  exist,  since  by  their  extension  they  become  fused 
together  into  a  continuous  sheet. 

Tlie  mesenchyme,  '.vhich  thus  grows  forth  out  of  the  middle  germ- 
layer  on  both  sides  of  the  chorda,  furnishes  the  foundation  for  the 
whole  aociid  skeleton)  it  produces  the  skeletogenous  tissue  by  the 
growing  toward  each  other  and  the  fusion  of  the  masses  which  are 
formed  on  the  right  and  left  sides.  As  fig.  Ill  shows,  the  mesen- 
chyme (sk)  grows  around  the  chorda  (ch)  both  dorsally  and  ventrally, 
and  envelops  it  with  a  connective-tissue  sheath,  which  is  continually 
becoming  thicker.  In  the  same  manner  it  encloses  the  neural  tube 
(nr)  and  forms  the  membrana  reuniens  superior  of  the  older  embryo- 
logists,  the  foundation  out  of  which  subsequently  the  oonneetiye- 


plnU  (cp) ;  rb,  imrtlDB  CDBBKrtlng  Ihe  piimtUii  HgiDsnt  Hllh  ths  [wiUa  at  ih«l  bodf-oiTitj, 
tini  uf  tldeb  not  ileTElupcd,  nnioiig  otbar  thlngi.  tlic  mmnniiphrio  Intraln  vt  (fig.  IIO : 
it.  •taltbtsnoiu  tlniu.  irhlch  iui«s  u  ui  outcrnmlh  fmm  cha  nidiui  mil  oT  tha  oon- 
iMcUnK  inrUiHi  (rl,}:  m,  praiM]ibr<ia  :  ut',  puislal.  sil'.  •Uoonl  nifddlt  [hya.  tram  tha 
wilbiitwhiuliiH««nclvi»  ia  ile>ala]»d:  Ik,  bnlj-iMTltj' ;  <I'.  anioJBnu:  I.  aaiiiy  uf  Uis 
^lulUn  lagiiwiit :  111-,  maaoneiihriii  Mbnla.  irlan  ftoiu  the  (nnnoUng  |HiniDD  •*  at  the 
UUcnra  110;  ut',  pUna  vhara  Uia  maunsiihiiilobalahaadBlacticil  Itaeirfrom  tha  pijmltlia 
HgniTHit ;  HP.  niewnaidirii:  duel,  Kith  vhloli  tlw  mcaDnapluJa  tabula  baa  uiiiUd  on  (ha  left 
aMa :  rr,  nnlm  at  tha  nitHuaiAilc  talniJc  oltb  the  bodr-onltT  (Hphtlcllil  frnuul) ;  >-'■'. 
BH*,  maaanohj'nia,  whl(4i  haa  mJibo  (twu  Uis  paijital  whI  Tiacfinl  [amillB  oT  Iba  middla 
lajnt  napaoutolj, 

although  lesH  distinctly,  in  Repti]a<,  Birds,  nnd  Mammalit;  thejr 
have  been  desfriliod  by  Renak,  Kolliker,  and  otiiere,  and  have  been 
brought  intu  ixmnection  with  the  formation  of  the  vertebral  column- 
Tha  pritaitive  segments,  which  are  at  firtit  sohd,  soon  acquire  a 
small  cavity  (fig,  116),  around  which  the  celU  are  arranged  into  a 
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continuous  epithelium.  Then  a  part  of  the  wall  of  the  primitiye 
segment  lying  at  its  lower  and  median  angle  begins  to  grow  with 
extraordinary  rapidity,  and  to  furnish  a  mass  of  embryonic  connective 
tissue,  which  spreads  itself  around  the  chorda  and  neural  tube  in  the 
manner  previously  described.  The  dorsal  and  lateral-  parts  of  the 
primitive  segment  (fig.  116  ms),  which  subsequently  loses  its  cavity, 
are  not  involved  in  this  growth ;  out  of  them  arise  principally  the 
fundaments  of  the  trunk-musculature.  This  part  is  consequently 
now  distinguished  as  muscle-plate  {ms). 

Mesenchyme  arises  from  three  other  places  of  the  middle  germ- 
layer  besides  the  primitive  segments — from  the  visceral  lamella,  from 
the  parietal  lamella,  and  finally  from  that  wall  of  the  primitive 
segment  which  is  turned  toward  the  epidermis  and  has  been  given 
by  Kabl  the  name  cutis-plate.  Here  also  the  conditions  are  best 
followed  in  Selachii. 

Individual  cells  migrate  out  from  the  visceral  lamella  (Darm- 
faserblatt),  which  in  early  stages  is  composed  partly  of  cubical, 
partly  of  cylindrical  cells  (fig.  110  mk^\  and  distribute  themselves 
upon  the  surface  of  the  entodermic  layer ;  they  are  found  at  places 
where  no  trace  of  a  vessel  is  observable.  They  furnish  the 
mesenchyma  of  the  intestinal  wall,  which  is  ever  becoming  more 
abundant,  and  which  is  subsequently  converted  partly  into  connective 
tissue,  partly  into  the  smooth  muscle-cells  of  the  tunica  muscularis 
(fig.  Ill  mti^). 

A  similar  process  is  repeated  in  the  parietal  lamella  (Haut- 
faserblatt).  Emigrating  cells  produce  between  the  epithelium  of 
the  body-cavity  and  that  of  the  epidermis  an  intermediate  layer  of 
mesenchyme-cells  (fig.  110  mk}^  fig.  Ill  mea^). 

An  important  region  for  the  production  of  connective  tissue  is, 
finally,  the  cutis-plate,  t.e.,  the  epithelial  layer  of  the  original  primi- 
tive segment,  which  Ls  in  contact  with  the  epidermis  (fig.  110  cp). 
The  process  occurs  here  later  than  at  the  other  places  mentioned, 
and  begins  with  an  active  cell-growth,  which  gradually  leads  to  a 
complete  disintegration  of  the  epithelial  lamella.  "  The  disintegra- 
tion," as  Rabl  remarks,  "  proceeds  in  such  a  manner  that  the  cells, 
which  hitherto  exhibited  an  epithelial  character,  separate  them- 
selves from  one  another,  and  thereby  lose  their  epithelial  character." 
It  is  probably  from  this  part  of  the  mesenchyme  that  the  cerium  is 
derived. 

That  the  mesenchyme-cells  scattered  between  the  epithelial  lam- 
ellae are  capable  of  executing  extensive  migrations,  after  the  fashion 


r.DBVELOPMENT  OF 


CK   AND   BLOi 


175 


f  migratory  cells,  is  perhaps  best  shown  in  the  investigation  of 
I  transparent  embrjoB  of  Bony  FiBhes,  "  One  sees  distinctly,"  thus 
FWekkkbach  dft'*cribes  it,  "how  the  cells  by  means  of  am<plx>id 
,  tuotione,  ami  of  HometimeM  estraordiiiiinly  long  prolopia-'unic  pro- 
cesses, move  themselTet)  about  independently  in  the  body  <if  the  em- 
,  bryo  and  upon  the  yolk,  which  is  not  yet  clothed  with  hypoblast, 
I  and  creep  towai-d  definite  places,  as  if  they  acted  voluntarily  and 
1  ©onwionsly."  B3'  virtne  of  this  peculiarity,  the  mesen chyme-cells 
I  Kcti^'ely  penetrate  into  sill  larger  and  smaller  fissures  which  exist 
W  between  the  germ-layers  and  the  fundaments  of  organs  which  have 
I'Sriseu  fi-om  them.  Everywhere  they  form  a  filling  and  connecting 
between  these  structures,  which  aflerwai-ds  acquires  a  still 
['greater  importiknce  a8  the  bearer  of  blood-  and  lymph -coursen  as  well 
I  as  nerves. 

In  comparison  with  the  earlier  editions  of  the  "Lebrbucb,"  I  have  here 
givcD  &n  essentially  different  prcseDtation  of  tbc  development  of  the  mesen- 
chyme. Fonnerlj,  auppoiteil  by  the  InTeBtigntiona  of  Hts,  Waldbveb,  Koll- 
XANM,  and  othen  on  nicrablastic  eggs,  I  tliooglit  it  neoessaiy  to  refer  the 
lorce  of  the  meaenclirme  to  a  limil«d  territory  of  the  genu,  to  the  area 
opnca,  and  made  the  cell-material  arise  bv  delamination  from  the  cnlodermic 
layer,  especially  from  the  yulfa-wall.  But  now  1  aasome  a  manifold  origin  from 
varioDB  regioiui  of  the  middle  germ-layer.  Thus  I  come  back  again  to  an  in- 
terpretation which  I  bad  already  propounded  as  probable  in  "  Die  Coalomtbeoiie  " 
(p.  80)  and  "  Die  Bntwiokelung  des  mittleren  Keimblattes  "  (p,  I22},~to  the 
Inlerpretatian,  namely,  that  mesenchyme-germB  in  Vertebrates  are  perhaps 
Ibniied  by  an  emigration  of  cells  at  several  distinct  places  at  the  same  time. 

'  ITlHltber  this  or  that  be  the  real  mode,  the  essence  of  the  mesenchyma-tbeaTy 
b  Dot  tbeieby  affected,  for  the  essential  part  of  that  theory  consists  in  this, 
that  it  estabiisfaes  in  the  earliest  development  of  tissue  a  contrast  between 

I   the  epithelial  genu-layers  nod  u  packing  tissue,  produced  by  a  dissolation  of 
the  epithelial  continuity,  which  spreads  itself  out  Iwtween  the  germ-lajers, 
md  soon  appears  as  an  independeDt  structure. 
Indeed,  with  this  theory  as  a  basis,  it  would  not  be  surprising  if  the  prn- 

BAKttm  if  nuiKJiehnmatie  tittue  tkeuld  not  be  limiUd  limply  to  the  middle  gena- 

\  layer,  und  if  the  enioderia  6y  the  contribution  of  ccll-vial trial  i/iinild partieijiatr 

Win  ill  foTvuitien. 

B.  The  Ori^  of  the  Vascular  Endothelia  and  ths  Blood. 
The  qiieotion  of  the  origin  of  the  tissues  represented  in  the  above 
beading  is  one  of  the  most  obscure  in  the  realm  of  comparative 
mlwyology.  The  very  invastigators  who  have  endenvoi-ed  most 
recently  and  with  the  most  reliable  methods  to  elucidate  this  matter 
do  not  hesitate  to  emphasise  the  uocert-ainty  in  the  interpretation 
of  the  conditions  presented  to  them.  Even  the  lowest  Vertebrate, 
which  U  distinguished  by  the  greater  simplicity  of  its  structure,  and 
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by  the  greater  case  with  which  all  itA  processes  of  development  are 
understood,  has  failed  us  in  this  question.  For  Hatschek,  who 
knows  the  development  of  Amphioxus  better  than  any  one  else,  de- 
signates the  blood-vessels  as  the  only  system  of  organs  concerning 
which  he  was  unable  to  an*ive  at  a  clear  understanding. 

Consequently  in  the  field  now  to  be  examined  there  are  many 
views  and  observations  which  in  part  stand  in  the  most  direct 
antagonism  to  each  other.  To  give  a  comprehensive  review  of  them 
is  not  possible  without  the  greatest  fulness,  which  would  be  contrary 
to  the  plan  of  this  Text-book;  I  therefore  limit  mjrself,  first,  to 
giving  a  sun^ey  of  the  various  possibilities  by  which  the  origin  of 
the  vessels  and  the  blood  might  take  place,  and,  secondly,  to  present- 
ing a  series  of  observations  which  have  been  made  on  Selachians, 
Birds,  and  Mammals ;  still  it  is  always  to  be  kept  in  mind  that 
much  remains  doubtful  here,  and  that  coming  years  may  bring  about 
many  a  change  in  our  interpretations. 

According  to  one  view,  the  vascular  cavities  are  developed  out  of 
fissure-like  spaces  between  the  germ-layers  which  remain  unoccupied  at 
the  time  the  fundament  of  the  mesenchyme  is  produced.  These  cavities 
acquire  a  boundary  in  this  way :  the  neighboring  mesenchyme-cells 
begin  to  penetrate  into  them,  and  then  imite  into  a  vascular  endo- 
thelium. **  The  system  of  blood-vessels  and  that  of  l3rmphatic  veasels,'' 
observes  Zieoler,  *^  are  produced  in  their  first  fundaments  from 
remnants  of  the  primary  body-cavity  (the  space  between  the  primary 
germ-layers),  which  at  the  general  distribution  of  the  formative 
tissue  (mesenchyma)  remain  behind  as  vessels,  lacunie,  or  interstices, 
and  are  enclosed  by  that  tissue  and  incorporated  in  it.''  The  formed 
elements  [corpuscles]  arise  at  separate  places  in  the  blood-courses 
by  the  growth  and  detachment  of  mesenchymatic  cells. 

According  to  another  view,  the  vessels  are  constructed  in  this 
manner  :  cells  in  the  mesenchymatic  tissue  arrange  themselves  in 
rows,  and  these  cell-cords  become  hollowed  out;  thereby  the  more 
superficial  cells  furnish  the  endothelial  wall,  whereas  the  remaining 
cells  become  blood-corpuscles.  The  blood-vessels  are  therefore  nothing 
else  than  cavities  which  have  been  secondarily  produced  in  the 
mesenchymatic  tissues  by  means  of  their  own  cells.  Both  views 
agree  in  this,  that  they  cause  the  group  of  sustentative  substances 
to  be  brought  into  genetic  connection  with  the  blood,  and  the  latter 
^o  figure  as  a  product  of  the  metamorphosis  of  the  mesenchyma. 

Moreover,  both  views  may  present  variations  in  the  details, 
according  as  they  ascribe  to  the  mesenchyme  a  different  origin  and 
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make  it  iirise  either  out  of  the  middle  germ-layer  alone,  or  out  of 
the  entobtaat  iilone,  or  by  the  migration  of  cells  nut  of  both  layers 
nnd  their  union  into  »  single  fuodament.  Still  other  TartatioDB 
reeiilt  from  the  first  funditment  of  the  blood-coume  being  eome- 
timcH  rofen-ed  to  a  limited  territory  of  the  germ,  sometimes  to  several 
plftoee.  Thus,  for  the  meroblostic  eggs  of  Birds,  the  area,  opaca  U 
designated  by  some  observers  ns  the  place  where  vessels  and  blood 
are  first  formed.  From  here  they  grow  out  »is  it  were  at  first  into  the 
embryoniu  body  proper.  The  opposite  iw  reported  of  Bony  Fishes,  in 
which  the  first  vessels,  heart,  aorta,  caudal  veins,  and  sub-intestinal 
veins,  together  with  blood -torpuscles,  arise  earliest  in  the  embryonic 
body  itself,  whereas  they  appear  on  the  yolk  only  suhee^juently. 
Finally,  for  the  Selachians  a  local  origin  of  the  vessels  is  maintained 
both  for  the  area  opium  and  also  for  the  embryonic  body  in  the 
refltrioted  senue. 

In  apposition  to  the  two  views  hitherto  presented,  a  third  view 
aseumes  ft  separate  origin  for  the  connective  substanees  on  the  one 
band,  and  for  the  vasculai-  endothelium  and  the  blood  on  the  other. 
Whereas  the  former  are  produced  by  the  emigration  of  cells  from  the 
middle  germ-layer,  the  vaiicular  endothelium  is  maintaineil  to  arise 
from  celk  of  the  entoblast.  It  is  held  that  an  endothehal  sac  is 
formed  (perhaps  by  constriction)  as  an  independent  fundament, 
which  hy  budding  gives  rise  to  the  whole  vancular  system. 

Aft«r  this  brief  survey  of  the  various  possibilities  concerning  the 
origin  of  the  blood-course,  1  turn  to  a  deei-ription  of  certain  con- 
ditions, cooceming  the  signification  of  which  it  must  be  admitted 
that  the  viewit  are  also  often  very  divergent. 

The  area  opaea  of  the  merobloHic  egt/g  of  Fishes,  Reptiles,  and 
Birds  has  always  played  an  important  role  in  the  literature  on  the 
question  of  the  origin  of  the  blood.  Notwithstanding  the  frequency 
with  which  it  has  been  investigated,  the  researches  concerning  it 
OUuot  lie  regarded  as  concluded.  It  is  from  this  standpoint  that  1 
beg  the  reader  to  judge  what  follows. 

In  the  caiW  of  the  C'liick,  on  which  especially  wo  shall  base  our 
HGOunt,  the  opaque  area  is  composed  of  only  the  two  primary  germ- 
lijen  at  the  time  when  the  middle  germ-layer  begins  to  be  formed 
from  the  region  of  the  blastopore  by  the  production  of  folds. 

The  outer  germ-layer,  as  has  already  been  deseribeii  in  Chapter  V., 
has  in  general  a  simple  structui-e,  sincts  it  is  cjin^iosed  of  a  single 
layer  of  small  cubical  cells.  The  inner  germ-layer  (fig.  GG  ik  and 
fig.  112),  ou  the  contrary,  alters  its  condition  the  more  we  approach 
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the  mfirgin  of  the  dii^.  In  the  area  pellncida  and  in  the  immediately 
surrounding  parts  it  appearH  as  a  single  layer  of  greatly  flattened 
cells,  and  is  Keparated  from  the  yolt-floor  by  a  cavity  filled  with  an 
albuminous  fluid ;  in  the  opaque  area  it  reposen  directly  upon  the 
yolk;  its  cells  here  become  higher,  cubical,  or  polygonal,  and  finally 
it  terminates  with  a  greatly  thickened  marginal  zone,  the  previously 
mentioned  yolk-wall  (dw).  Thlx  is  the  important  region  of  the  germ 
with  which  we  now  have  especially  to  deal. 

The  yolk-wall  consists  in  the  Chick  partly  of  embryonic  cellx, 
which  are  t«[iarnble  from  one  another,  pai-tly  of  yolk-material 
in  which  are  enclosed 
numerous  large  and 
small  nuclei  enveloped 
in  protoplasm  (the  me- 
rocytes),  as  at  the  final 
stagft'4  of  the  process  of 
cleavage. 

Such  free  nuclei  have 
also  been  demonstrated 
with   perfect   certainty 
.in,  yoik.»HU.  in  the   marginal   terri- 

tory of  the  yolk  during 
the  course  of  the  formation  of  the  germ-layers  in  Selachians, 
Teleosta,  and  Reptiled  (Kupffer,  Hoffmann,  Ruckbrt,  Strahl, 
Swaeh). 

The  most  accurate  description  of  the  yolk -nuclei  has  been  given  by 
BvcKEBT  for  the  eggs  of  Selachians  (fig.  113).  They  are  present  in 
this  case  at  the  marginal  portion  of  the  germ-disc,  embedded  in  the 
yolk  in  not  inconsiderable  numbers,  and  are  remarkable  for  their 
size,  sometimes  reaching  a  diameter  ten-fold  as  great  as  that  of  an 
ordinary  nucleus  (^',  k').  From  the  protoplasm  enveloping  the 
nucleus  k*  there  pi-oceeds  a  richly  branched  network  of  proceseee. 
In  the  interstices  of  the  net  ore  lodged  yolk-elementa  (d)  in  great 
numhei'S,  from  the  size  of  the  ordinary  yolk-plates  down  to  the  finest 
granules.  The  former  are  often  in  process  of  disintegration.  One 
may  conclude  from  this,  a^  well  us  fi'om  other  phenomena,  that  a 
vigorous  consumption  of  deutoplasm  is  taking  place  at  the  margin  of 
the  germ.  This  dcutophism  is  taken  up  as  nutritive  material  by  the 
protoplasmic  net  surrounding  the  nucleus,  and  employed  by  means  <^ 
intra-^wUular  digestion  for  its  growth.  Consequently  one  also  sees  the 
yolk-nuclei  in  active  increase. 
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Toward  the  surface  of  the  yuUc  amall  clu»teit<  of  DUclei  (fig.  113  k) 
arise  oiit  of  the  large  deeper-lying  yolk-ouclei.  Fi-om  these  there 
are  finally  produced  genuine  ceiU  of  the  germ  (s),  by  the  small  nuclei 
surrounded  by  a  layer  of  protoplaiim  detaching  thenutelves  from 
the  yolk,  as  it  were  by  an  act  of  supplementary  cleavage.  "  Since  the 
merocyUa  ihtia  an 
the  one  hand  un- 
inUrrupUdly  take 
up  nutritive  ma- 
terial out  a/  th« 
jfolk,  ufui  ou  Hut 
other  amtiniiallt/ 
wtarender  it  in  the 
Jintn  o/eellt  to  the 
ff«rm-layers  n/  the  f>- 
ttaieent  embryo,  jk  -«^ 
thet/     present     an  -r 

in^ortant  link 
betuieen  the  tatter 
atui     the      mlk."  sif.iii.-T^. 

(RVCKSKT.)  ,,  E„,t,rj. 

The  views  of  '  "■  " 
inretstigators  ou  ,,iHm 
the      aigniiicaDoe 

of  the  yolk -wH.il  and  of  the  merocytes  enclosed  in  it  ai-e  very  divai-geut. 
Indeed  there  is  unanimity  only  in  this,  that  the  yolk-wall  contributes 
ko  the  increase  of  the  lower  germ-layer  by  aingle  cells  becoming  in- 
dependent and  attaching  themnielveN  at  the  margin  to  the  elements 
which  ali'cady  have  an  epithelial  arrangement.  On  the  other 
hand  it  appears  lejw  certain  how  far  the  yolk-wall  is  concerned  in 
the  formation  of  the  blood.  Accoi'diug  to  the  observations  of  His, 
DissE,  Rauber,  Koi.lhann,  ROckeet,  Swaen,  Oensch,  Hoffhank, 
and  others,  it  does  shai-e  in  thii-  process  during  a  limited  jieriod 
of  development  in  the  case  of  Selachians,  Teleosts,  Reptiles,  and 
Birds. 

tn  the  8e]m-hian8  the  anterior  margin  of  the  germ-tlisc  is  the  first 
to  be  metamorphosed  into  a  va^ctiiar  ;ione.  Ri'CKEKT  could  find 
here  numerous  and  unequivocal  indications  that  the  previously 
described  peculiar  cell-elements  of  the  yolk  (mei-ocytes)  provided 
with  lal-ge  nuclei  contiibute  to  the  formation  of  blood- islands,  in 
that  they  bieuk  up  into  dust^i-h  uf  small  cells,  detHi'li  themselves 
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from  the  yolk-contaiuing  part  of  the  lower  gei'm-layer,  and  become 
differentiated  on  the  one  hand  into  the  migratory  cells  of  the  first 
blood-vessels,  and  on  the  other  into  the  blood-corpuscles.  Ruckebt 
further  maintains  that  the  material  destined  for  the  production  of 
blood  is  supplemented  by  means  of  cells  freshly  deft  off  from  the 
yolk. 

SwAEN  remarks  with  the  Siime  positiveness,  "  Les  premiers  ilots 
sanguins  se  d6veloppent  aux  depe7is  des  elements  de  Vhypoblaste.  Ces 
derniers  constituent  a  la  fin  de  ce  developjjement  les  parois  de  cavity 
vasculaircs  closes  et  les  cellules  sanguines  qui  les  remplissent.** 
Likewise  Gexsch  makes  the  large  cells  in  the  yolk  i-esponsible  for 
the  formation  of  the  blood  in  the  case  of  the  Bony  Fishes.  Hoff- 
mann also  finds  in  Reptiles  that  the  blood  and  the  endothelial 
wall  of  the  vessels,  as  well  as  the  spindle-shaped  cells  which  lie 
between  the  vessels,  are  a  pixxluct  of  the  inner  germ-layer,  and 
that  they  appear  at  definite  places  of  the  germ -disc  at  a  time 
when  the  middle  germ-layer  has  not  yet  been  formed  in  those 
regions. 

Finally,  it  is  stated  concerning  the  germ  of  the  Chick  that  at  the 
end  of  the  first  day  of  incubation  the  cells  in  the  yolk-wall  have 
become  ver}-  numerous,  through  the  multiplication  of  the  nuclei 
enclosed  in  the  latter,  and  that  afterwards  the  abundance  of  the 
cells  diminishes.  For  part  of  the  cells  which  have  been  formed 
by  the  active  proliferation  now  detach  themselves  from  the  yolk- 
wall,  get  into  the  space  between  the  out«r  and  inner  germ-layers, 
and  there  )>roduce  a  third  independent  layer,  which  is  continually 
increasing  in  thickness,  whereas  the  remaining  part  becomes  modi- 
fied into  an  epithelium  of  large  cylindrical  cells  containing  yolk- 
granules.  This  middle  layer  is  judged  by  several  investigators  to 
be  an  independent  fundament  of  the  germ,  and  has  in  this  sense 
been  described  by  IIis  ms,  jyarablast,  by  DissE  and  others  as  vascular 
layer,  by  Raiber  as  desjnohwmoblast,  and  by  Kollmann  as  marginal 
germ  or  acmblast. 

All  of  these  accounts  need  still  more  precise  confirmation,  since 
they  have  often  been  called  in  question,  even  up  to  most  I'ecent 
times.  Thus  Kolliker  has  always  defended  the  position  that 
not  only  the  connective  substances,  but  also  the  vessels  and  the 
blood,  are  products  of  the  middle  germ-layer,  and  are  generated  by  it 
in  its  peripheral  regions.  Kastschenko,  in  his  study  of  the  Selachii, 
could  not  convince  himself  that  the  merocytes  have  special  import* 
ance  in  the  formation  of  blocd  and  vessels,  but  was  not,  however. 
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willing  to  deny  it.  Bo  mucb  the  more  positively  do  Wenkebach 
and  ZiEOLBB,  on  the  sti-ength  of  their  inveatigutions  on  Teleosta, 
express  tbemselveM  tigainst  the  mode  of  blood- formation  given  by 
GENSon.  Accurtling  to  /iboijsr,  tbe  blood -forpuwles  are  developed 
ill  the  blood -vesst'lrt  of  the  ejiihryoiiic  body  itself.  The  fvee  nuclei 
of  the  yolk,  the  nierocytes,  on  tbe  pimtraty,  it  iw  mnintaiued,  do  not 
tihara  in  the  formation  of  embryonic  tiRsiieA,  but,  in  adaplAtion  to 
tbe  ftmction  of  resoi'bing  the  yolk,  undergo  peculiar  modificationR, 
which  "  cftiiae  the  fi-eqnently  affii-nied  but  never  pi-oveil  proiluclion 
of  blooil-corpuHules  [by  them]  to  apjtenr  inipii>liiible.'' 

Under  this  condition  of  atfairR,  I  must  regiii-il  the  que.itioti  of  the 
source  of  tbe  cell-layer  in  which,  in  the  region  of  tbe  opaque  ai'ea, 
tbe  formation  of  blood  takes  pWe  as  not  yet  i-eady  for  final 
jitdgment. 

So  far  na  regards  the  further  changes,  by  means  of  which  the 
cell-layer  under  consideration  is  converted  into  connective  substance 
and  blood,  on  tbe  whole  I  subscribe,  in  thin  difficult  field  of  in- 
vestigation, to  Kollikeb's  representation. 

At  the  end  of  the  first  day  of  incubation,  tbe  masses  of  cells  which 
lie  between  the  inner  and  the  outer  germ-layei-s  arrange  themselves 
in  cylindrical  or  irregularly  limited  coitls,  which  join  themselves  to- 
gether into  ft  close-meslied  network ;  they  are  tbe  fii-st  fundaments 
both  of  the  vessels  and  bI.*o  of  their  contents,  the  blood.  In  the 
Hpaces  of  the  net  are  to  bo  found  groups  of  indifierent  cells,  which 
afterwai-ds  become  embryonic  connective  tissue,  and  which  are  tlie 
SvhgtaiKingeln  (fig.  114)  of  authors. 

At  the  beginning  of  the  second  day  of  incubation,  the  solid  funda* 
ments  of  tbe  vessels  become  more  distinct,  in  proportion  at)  they 
become  bounded  superficially  by  a  special  wall,  and  acquire 
an  internal  ca\ity.  The  wall  of  the  vesseU  l'*  ileveloped  out  of 
the  most  superficial  cells  of  tbe  cords,  and  is  composed  during  the 
first  days  of  incubation  of  a  single  layer  of  veiy  much  flAttened 
polygonal  elementii,  on  account  of  which  the  first  vessels  of  the 
embryo  arc  often  designated  na  tmlothelial  tithei  (fig.  114  and 
fig.  115  yiiy). 

The  cavity  of  the  vessel  is  probably  formed  by  the  penetration  of 
fiuid  into  tbe  originally  solid  cord  ftvm  its  surroundings,  thus  forming 
the  plasma  of  the  blood,  by  which  the  cellH  are  pressed  apart  and  to 
the  side«.  The  celln  then  constitute  here  and  there  thickenings  of 
the  wall,  ami  project  into  the  fluid-fi]l<Ml  cavitin^  us  elevations  of 
loosely  united  sphericiil  elements  (fig.  114,   Blood-Islands).     Conse- 
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qumtly  the  \e'«eli'  nlich  nre  j  si  hemming'  penneable  mre  very 


by  the  dtSBolution  of  the  latter,  and  then,  owing  to  the  fomuition 
of  the  coloring  matter  of  the  blood  in  them,  they  take  on  a  Hligbtly 
yellowish  color,  which  gradually  becomes  more  intense. 
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If  one  at  this  time  exfunines  a  blastodenn  which  has  been  removed 
from  the  yolk,  (lie  Eone  in  which  the  foimalion  (if  bUiod  takes  ptaoe 
iippears  tlorked  with  moi-e  or  less  intensely  colored  blood-red  spots, 
some  of  wliich  iirn  roimdiKh,  otheis  elongated,  and  othew  brHnched. 
Th<i  ftjiotH  lire  known  ni<  the  Uofxl-poinU  or  Uood-iaUmdt  of  the  bliuito- 
derm  (fijt.   114).     From  these  formative  areas  the  Hiiperfioial  eell* 

w  deta^-h  thoniMelves  ami  enttr  the  blood-fluid  as  the  tiwlated  iw! 
blood-oirpiiwles.  Here,  as  well  as  in  tlie  blood -iHUiidn,  tliey  multiply 
by  moans  of  cell-division,  during  which  the  TutcleiLs  is  metnmurphOHe<l 
iiito  the  well-known  spindle-figure. 

Aa  Reuak  first  whow«l,  diviaion»  o/blood-<elh  are  to  be  ob»ei-\-etl 
n  the  Chiek  in  groat  numbers  up  to  the  dixth  day  of  incubation, 
whereiM  tliey  later  l>ecom6  more  rtii-e,  and  then  wholly  disappear. 
Al»o  in  the  cms  of  Afammah  and  of  Mnn  (Fol)  iA«  Jlrat  emimjonie 
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blaod-oorpu»el4s,  toAicA  ar«  at  thit  time  provided  a*  tn  ihe  other  Vertt- 
hrtUtaioith  a  genuine  ceU-nvel«ii»,  poMOS  the  power  of  divirion. 

Tn  proportion  an  hlood-corpusclw*  rtill  further  detach  themselves 
fivm  the  blood-pointti,  the  latter  become  smaller  and  fimaller,  and 
finally  disappear  altogether  ;  hut  the  vessels  without  exception  then 
ruiitain,  instead  of  Ui  clear  fluid,  red  blood  with  abundant  formed 
element«  (fig.  1 1 5  bt). 

Suheeqtiently  there  occur  changes  in  the  Subilanstnaeln  which  lead 
to  the  formation  of  embtyonie  connective  ajihttanoe.  The  germinal 
cells,  at  first  spheroidal,  separate  farther  from  one  another,  at  the 
ftame  time  secreting  a  homogeneous  inter- eel  hilar  substance ;  they 
become  ntellat«  (fig.  116  gp),  and  .send  oiit  pi-ocesscB  by  means  of 
which  they  are  united  into  a  network,  which  stretches  nil  through 
the  gelatinous  secretion ;  other  cells  npply  themselves  to  the  endo- 
thelial tubes  of  the  vessels. 
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After  the  formation  of  Te!«els  and  blood  is  completed,  the  territory 
of  the  areft  opaca,  in  whieli  the  procesKes  just  described  take  place, 
JH  Hbarply  ilelimiteil  at  itx  penpbei'}-  (fig.  117)  in  all  meroblastic  ^^, 
as  well  na  in  those  of  Mammals.     For  the  close  nctwoik  of  blooil- 


vesnels  ends  abriiptly  at  its  periphery  in  a  broad,  circular,  marginal 


vein  (the  vena  or 

Beyond  the  e^inu: 
blood  nor  blood-ve^ 
spread  themselves 
outer  layer  moi-e 
entirely  around  it. 


terminaliR,  S.T.). 
s  terminalis,  thei-e  is  formed  on  the  yolk  neither 
-Bels.  Nevertheless,  the  two  primary  germ-layers 
out  laternlly  over  the  yolk  still  farther,  the 
rapidly  than  the  innei,  until  they  have  grown 
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We  mitst  therefore  now  diatinguiBh  in  the  opaque  area  (Plate  I., 
fig.  2,  page  213)  two  riog-like  areas,  (Ae  i-aitcvlar  area  {i/h)  and  th' 
yiJi-ar'a  {•Ih),  iirm  riiaeiiloati  anii  arm  vUHUnn.      Since,  moreover. 


af  tha  tliird  dair  si 

what  U  nkllf  on  the  laft  appeiR  on  Ihn  [t(bt,  wul  rirr  nriA,    1'\w  jurt  of  Dm 

p«Tlpli«7  ^fj  th«  tlniit  trrmlnAlk,  and  nprnont*  th4  vfucnlor  juta;  Dntalila  of  ib  Un  tti^ 
.    Tho  immaiiAle  TlDlnltj  of  tlw  Qmbryo  It  dr^tiLiibi  ot  a  vowiiUr  nutwork,  fcnil  la 
n  aarlior  atage.  hj  lh<  ume  are*  peUncldii. 

\m  :  Ao,  ianai  ■artu ;  L.Of.A,  laft.  R.0/.4.  right  vilslllna  anary : 
I.O/.  left,  K.Of.  righl  ntellioe  T«ln :  S.  C.  dniu  Yanoaua ;  AC.  diMtm 
■ior,  I-.Co,  Infuri.ir  cmdiniil  tbId.    TIib  vnina  urn  dnmn  tn  oiitllDn, 
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the  area  pellticidn  is  titill  recogniMible,  being  travenied  by  only  a  few 
chief  trunks  of  blood-vesael.i  lending  to  the  embryo,  the  body  of  the 
ranbryo  is  encloa  J  altogether  by  three  jiones  or  areas  of  the  exti-a- 
embryonic  part  of  the  germ-layers. 

Up  to  the  present  we  have  pursued  the  formation  of  blood  in  the 
opaque  area.     But  how  do  the  vessels  in  the  body  of  the  embryo 
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itself  arise  ?     Here,  too,  the  uncertainty  of  our  present  knowledge  is 
to  be  emphasised. 

According  to  the  representation  of  His,  to  which  KOlliker  also 
adheres,  and  which  the  author  himself  has  made  the  foundation  of 
his  account  in  the  first  edition  of  this  Text -book,  blood-vessels  in  the 
embryo  are  not  independently  formed,  but  take  their  origin  from 
those  already  existing  in  the  opaque  area.  According  to  His,  the 
germ  of  the  blood  and  connective  substances,  originally  a  peripheral 
fundament,  makes  its  way  from  the  opaque  area  at  first  into  the 
pellucid  area,  and  from  there  into  the  body  of  the  embryo  itself, 
and  is  distributed  everywhere  in  the  spaces  between  the  epithelial 
germ-layers  and  the  products  that  have  arisen  by  constriction  from 
them.  Into  the  spaces  migrate  first  of  all  amoeboid  cells,  which 
send  out  in  front  of  them  branched  processes  ;  on  the  heels  of  these 
follow  endothelial  vascular  shoots. 

At  vai'iance  with  the  tOiichings  of  His  are  noteworthy  investiga- 
tions of  recent  date, — not  only  the  previously  mentioned  accounts  of 
the  manifold  origin  of  the  connective  substances  from  the  middle 
germ-layei-s,  but  also  particularly  the  more  recent  observations  con 
ceming  the  independent  origin  of  vessels  and  the  endothelial  sac  of 
the  heart  in  the  body  of  the  embryo  itself.  (RI^ckert,  Ziegler, 
Mayer,  Rabl,  Kastschenko,  and  others.) 

For  Selachian  embryos  the  question,  whether  the  repository  of 
the  material  for  the  blood-vessels  of  the  embryo  is  to  be  sought 
exclusively  on  the  nutritive  yolk,  is,  as  Ruckert  remarks,  to  be 
answered  definitely  in  the  negative.  The  vessels  arise  in  the  embryo 
itself  within  the  territory  of  the  mesenchyme,  from  cells  which 
are  sometimes  loasely,  sometimes  compactly  arranged  (RtCKERT, 
Mayer). 

R0CKERT  derives  the  cells  that  form  the  vessels  from  two  different 
sources,  partly  from  the  inner  germ-layer  of  the  yolk-wall,  partly 
from  the  adjoining  mesoblast,  and  their  double  origin  appears  to 
him  a  natural  procass  of  development,  in  so  far  as  the  two  layers 
which  bound  the  first  vessels  also  furnish  the  material  for  their  walls. 

To  the  same  purport  are  the  accounts  concerning  the  formation 
of  the  endothelial  sac  of  the  heart.  At  first  it  consists  of  a  rather 
irregular  mass  of  cells,  in  which  there  appear  separate  cavities,  that 
gradually  unite  to  form  a  single  cardiac  space.  The  cell-material 
of  the  fundament  of  the  heart  is  developeil  in  situ  (RtCKERT,  Zibqler, 
Mayer,  Rabl,  and  of  the  earlier  investigators  GOtte,  Balfour, 
Hoffmann)  from  the  wall  of  the  bounding  germ-layers;  however, 
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L  nncertauitf   prevails  as  to  nhether  the  inner  germ-layer  alone, 
or  the  middle,  or  both,  are  concerned   in   the  production   of  the 
[  fTiiidament. 

When  finre  the  first  veaselR  have  lieen  formed,  they  gvovr  further 
f  independently,  ami  contimially  give  rise  to  new  lateral  hranphew  hy 
means  of  a  kind  of  biidillng  process. 

It  can  1«  oJwerved  that  from  the  wallsi  of  vcBsela  that  are  already 

[  hallow,  solid,  slender  sprontH  go  out,  whieh  are  formed  of  npiiidle- 

'  Rhftped  cells,  and  by  means  of  ci-oss-bi'anches  join  othei'S  to  form  a 

network.     The  3^unge«t  and  most  delicate  of  these  sprontA  consist 

of  only  a  few  cells  arranged  in  a  i-ow,  or  indeed  of  only  a  single  one, 

which,  reposing  upon  the  endothelial  tube  Uke  a  kiiob,  ia  drawn 

out  into  a  long  protoplasmic  filament.     Into  the  solid  spiwut  there 

now  projects  from  the  already  completed  vessel  a  small  evagination, 

which  gradually   elongates  and   at   the  same  time  enlarges  into  ii 

tnhe,  the  wall  of  which  is  formed  of  the  sejuirated  cells  of  the  funda- 

nient.     The  formation  of  blood-corpuscles  no  longer  taken  place  in  tliiN 

pitKcas,  all  the  cells  of  the  sprout  being  employed  to  foi-m  the  wall  of 

I  the  vessel.     Since  out  of   the   vensels   thus  produced  new  spi'outs 

r  are  formed,  and  bo  on,  the  fundaments  of  the  vessels  spread  thcm- 

I  aelves  out  everywhere  in  the  spaces  between  the  germ-layers  and 

1  the  organs  which  have  by  constrictions  been  formed  from  them. 

Thore  are,  moreover,  two  different  opinions  about  the  mnniier  in  wbich  Ibe 

r  BproHtinK  takes  place.     Are  llie  solid  vascular  shoola  tonoed  BXeluaiTelj  by 

I    growth  of  cells  in  the  wall  of  the  eodotheliHl  tube,  or  do  neighboring  con- 

ive-tjscue  cells  take  pari  in  their  Formation  f    While  Rabl  hnlda  to  the 

'   prnpOfliUon  that  new  vaBcnlir  cnduthetia  always  take  their  origin  from  »nch  as 

'   are  already  in  existence,  KOllikbb,  Mavsb,  and  ROckebt  make  BtatcmGnls 

which  appear  to  pro\-c  that  the  endothelial  vaaoular  tubes  botli  continue  to 

grow  by  themselvca  alone,  and  also  to  elongate  through  the  pnrtiripaliun  of 

the  conoective-tisaue  celts  of  the  surroundiog  tisane. 


ti    the  prewding  pages  we  have  ende<ivored  to  -ihow  in   detail 

I  how  in  Vertebrates  the   material  of  the  cleavage-cells  is  differen- 

f  &ted  into  the  sepai-ate  fundamental  or  piimitive  organs.     As  such 

f  we  must    designate  the  outer  and  the  inner  germ-layers,  the  two 

middle  germ-layers,  and  the  mesenchyme  or  intermediate  layer. 

In  order  properly  to  estimate  at  once  the  gignifioance  and  the  rdle 
^thMefundamenlal  organt,  we  will  glance  at  the  final  result  of  the 
process  of  development-— propound  the  question.  What  organs  and 


188  EMBRYOLOGY. 

tissues  take  their  origin  in  the  separate  germ-layers  and  the  mesen- 
chyme ?  A  definite  answer  to  this  question  is  possible,  except  on  a 
few  })oints  e4)iicerning  whicli  tlie  accounts  of  the  different  obfiervei*s 
are  still  contradictory,  and  which  thei-efore  will  ]ye  indicated  by  a 
mark  of  inten-ogation. 

From  th(»  oftter  yerm-layer  arise :  the  epidermis,  the  epidermoidal 
organs,  such  as  hair  and  nails,  the  epithelial  cells  of  the  dermal 
glands,  the  whole  central  nervous  system  with  the  spinal  ganglia, 
the  peiiphenil  nervous  system  (?),  the  epithelium  of  the  sensory 
organs  (eye,  ear,  nose),  and  the  lens  of  the  eye. 

The  primary  inner  genn-layer  is  differentiated  into : — 

1 .  The  secondary  inner  germ-layer,  or  entoblast ; 

2.  The  middle  germ -layers  ; 

3.  The  fundament  of  the  chorda  ; 

4.  The  germ  of  the  mesenchyme,  which  forms  the  intermediate 
layer. 

The  entoblast  (Darmdriisenblatt)  furnishes  the  epithelial  lining 
of  the  whole  intestinal  canal  and  its  glandular  appendages  (lung, 
liver,  pancreas),  the  epithelium  of  the  urinary  bladder,  and  the 
taste  buds. 

The  middle  germ-layers  undergo  ex<  namely  various  metamorphoses 
after  having  been  differentiated  into  primitive  segments  and  lateral 
plates. 

From  the  jyrimitive  segments  are  derived  the  stiiated,  voluntarj- 
muscles  of  the  Ixxly  and  a  pai-t  of  the  mesenchyme. 

From  the  lateral  plates  arise  the  epithelium  of  the  pleuroperitoneal 
cavity ;  the  epithelium  of  ovary  and  testis  (primitive  ova,  mother- 
cells  of  the  spermatozoa) ;  in  general,  the  epithelial  components  of 
the  sexual  glands  and  their  ducts,  as  well  as  those  of  the  kidney  and 
ureter ;  and  finally  mesenchymatic  tissue. 

The /u7idume)it  of  the  chorda  becomes  the  chorda  dorsalis,  which  in 
the  higher  Vertebrates  Is  reduced,  during  later  stages  of  development, 
to  insignificiint  remnants. 

The  mesenc/iyme-germs,  which  produce  ths  intermediate  layer,  un- 
dergo manifold  differentiations,  for  they  spread  themselves  out  in 
the  body  between  the  epithelial  components  as  the  intermediate  mass. 
From  them  are  deiived :  the  multiform  group  of  sustentative  (con- 
nective) tissues  (mucous  tissue,  fibrillar  connective  tissue,  cartilage, 
bone),  vessels  (?)  and  blood  (?),  the  Ijnnphoid  organs,  the  smooth, 
involuntary  muscles  of  the  vessels,  of  the  intestine,  and  of  various 
other  organs. 
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i  Parablast-  and  Ubabnchtiib-Tebobieb. 


I 

I 
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The  older  inveBtigatots,  an,  (or  exampla,  Rbhak,  gionped  t<^etber  all  the 
oeUs  which  ara  inserted  between  the  two  primary  gsnn-Iayers  ander  the 
commoB  name  of  the  middle  ^rm-lsjeT,  hdcI  assumed  [or  tberu  a  commoD 
origin.  To  this  conception  His  opposed  in  the  year  1HS8  in  "  Die  erate  Eat- 
wickloDg  des  HUbnchenB  Im  Ei "  bis  " parailaMt-tkeory"  in  wblcb,  ioflQenoed 
prindpall7  b;  hixtogecetic  considerations,  he  distinguished  two  fundaments 
otdiflenuit  origin,  hd  ari'hibltuiic  and  &  pamblattie. 

Aa  archibhutic  fundtuoeiit  he  designated  the  part  of  the  middle  gemi-Urer 
which  lies  in  the  bodj  of  the  embryo  itself,  tbe  axial  cord  (Ac)iseni<trang)  and 
the  aninml  and  vegetative  muBcle -plates,  und  he  made  tbera  niiae  by  de- 
lamination  from  the  primary  germ-layeis,  and  therefore  ultiDiately  from  tbe 
embiyonic  cleavage-cells. 

He  gave  tbe  name  paiablast  t«  a  peripheral  fundameDt,lying  originally  ontaide 
the  embryo,  which  is  tbe  source  of  nil  the  oonnective  sabstances,  the  blood  and 
tbe  vMcoloT  endothelium,  and  which  grows  from  the  margin,  or  more  sped- 
flioally  from  tbe  opaqoe  area,  into  tbe  body  between  the  arcbiblastic  tissues. 

Tbe  dlvisioo  of  the  middle  germ-layer  into  archiblast  (chief  germ)  and 
paiablost  (accessory  genn),  proposed  by  HiB  and  carried  oat  \a  several  of  his 
writing*,  found  at  the  time  no  approbation,  and  encountered  deoidfid  and 
suDomsfiil  opposition,  especially  on  the  part  of  Haecesl,  because  the  ooirect 
views  contained  in  the  doctrine  were  obscured  and  covered  up  by  peculiar 
ooaceptioos  about  the  origin  of  the  parablaet.  The  parablast,  it  was  claimed, 
la  not  derived  from  the  egjj;-cel1.  but  from  the  white  yolk,  a  product  of  the 
p«nulo8s-cells.  which,  acconling  to  the  earlier  teaohings  of  Ills,  penetrate 
into  the  primordial  ovum  in  great  numbern  and  become  tbe  white  yolk-cells 
kod  the  yellow  iipberales.  But  tbe  granulosa-celb  in  turn,  it  was  maintained, 
arise  from  the  counective  tissue  (leucocyte^i)  of  the  mother ;  consequently 
after  their  migration  into  tbe  egg  tbey  are  capable  of  prodoclng  again 
only  connective  tissue  and  blood. 

His  thought  it  was  neoeasary  to  assume  a  fondiuueotal  diiference  between 
ekie/gtirm  and  acceuory  gem  ;  tbe  former  alone  had  ejq>erienced  the  infloence 
of  fertilisation,  since  it  ^one  was  descended  from  cleavngc-oatls.  whereaH  the 
IktteT,  since  it  issued  from  the  white  yolk  (a  derivative  of  the  malemal  con- 
nectJTe  tissue),  was  "  purely  a  maternal  dower." 

Kaubeb.  in  a  short  commanication.  accepted  the  conclusions  of  Hia,  in  so 
far  as  be  also  iissamed  a  common  origin  for  blood  and  connective  tiiisue,  a 
■pecial  "  hnmo-desmobhist,"  but  differed  from  him  in  that  he  derived  tbem 
from  tbe  cleavBge-cells. 

aoBTTE(18T4)is  alsotobemenliouedinlluscoiinectinQ,since  he  maintained 
tliat  tbe  blood  is  developed  out  of  yolk-cells,  which  break  up  into  clusters  of 
MnaJler  cells  (Arupbibiii  and  Birdu). 

fioceeding  from  other  stondpoinlA,  and  induced  by  observations  on  In- 
vertebrates, my  brother  and  1  were  led  in  ooi  Calom-Thfory  (1881)  to  a  resnlt 
similar  to  that  of  His,  namely,  that  two  entirely  different  structures  had  been 
hitlierlo  embraced  under  tbe  expression  middle  genn-Ujer,  and  that  it  was 
introduce  in  the  place  of  the  old  indcflnite  conception  two  oew 
precise  ones,  "  mi^i^  gmn-litj/er  ia  t/ie  rettrieUd  teiue  "  and  "  ntimt- 
tut  our  conception,  notwitlistanding  many  points  of  agree- 
,  took  in  dfllail  a  form  very  different  from  tbe  doctrine  of  Hie. 
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All  fundaments  of  the  animal  body  are  derived  from  embryonic  cells,  which 
have  been  produced  from  the  egg-cell  by  the  process  of  cleavage.  The  dis- 
tinction between  middle  germ-layer  and  mesenchyme-g^rm  is  to  be  sought 
in  another  direction  than  in  that  indicated  by  His.  The  middle  germ^layert 
are  theett  of  embryonic  cells,  having  an  epithelial  arrangement^  which  arise  by 
a  process  of  folding  from  the  in?ier  germ-layer,  just  as  the  latter  does  by  a  fold- 
ing of  the  blastvla  (compare  the  historical  part  of  Chapter  VII.).  The  mesen- 
chymatic  germ,  on  the  contrary,  embraces  cells,  which  have  been  individually 
detached  from  epithelial  union  in  the  inner  germ-layer,  and  furnish  the  founda- 
tion for  connective  substance  and  blood  by  spreading  themselves  ant  in  the 
system  of  spaces  between  the  epithelial  germ-layers. 

After  the  appearance  of  the  Coelom -Theory,  His  entered  again  into  an 
explanation  of  his  jmrablast-theory,  and  modified  it  in  his  paper,  '*  Die  Lehre 
vom  Bindesubstanzkeim/'  in  so  far  as  he  no  longer  laid  weight  on  the 
question  whether  the  fundament  of  the  connective  substance  was  derived  from 
the  segmented  or  the  unsegmented  germ. 

The  theirry  of  the  dimble  origin  of  the  middle  germ-layi-rs,  established  by 
His  and  by  us  in  different  wayjs,  met  with  opposition  on  the  part  of  KOllikeb 
who  held  to  the  older  interpretation ;  but  by  many  others  it  was  accepted ; 
attempts  were  made  further  to  confirm  and  also  to  modify  it  by  Kupffer, 
DissE,  Waldeyer,  Kollmann,  Heape,  and  othcn},  who  defended  the  existence 
of  a  .special  connective-tissue  germ. 

KuPFFEB  and  his  followers  furnished  important  observations  concerning 
the  presence  of  yolk-nuclei  in  a  definite  zone  of  the  embryonic  fundament,  and 
their  relation  to  the  formation  of  blood  in  Fishes  and  Reptiles. 

Hoffmann  and  Rt^CKEBT  showed  that  the  yolk-nuclei  do  not  arise  by  free 
[spontaneous]  formation  of  nuclei,  but  are  descendants  of  the  cleavage-nnclens. 

DissE  investigated  the  germ-wall  of  the  Hen  s  e^f;. 

KoLLMANN  named  the  cells  which  migrate  out  between  the  germ-layers 
poreuti»  (Poreuten),  and  the  whole  fundament  the  acroblast. 

Finally,  Waldeyeb  endeavored  to  derive  the  connective-tissae  germ  from 
a  special  part  of  the  cleavage -material,  which  he  divided  into  an  archiblast 
and  a  parablast. 

According  to  Waldeyeb's  theory,  the  cleavage  of  the  eggs  of  all  those 
animals  in  which  there  is  any  blood  and  connective  substance  does  not  take 
place  uniformly  up  to  the  end,  but  one  must  distinguish  a  primary  and  a 
sea*ndary  cleavage.  "  The  former  divides  the  egg,  so  far  as  it  is  in  any  way 
capable  of  cleavage,  into  a  number  of  cells,  which  are  ready  for  the  production 
of  tissues.  These  then  form  the  primary  germ-layers.  A  remnant  of  im- 
mature cleavage-cells  (in  the  case  of  holoblastic  eggs),  or  of  egg-protoplasm, 
which  is  not  yet  converted  into  the  cell-form  (in  meroblastic  eggs),  is  left 
remaining.  Neither  the  immature  cells,  nor  the  protoplasm  still  unconverted 
into  cells,  enter  for  the  present  into  the  integrating  condition  of  the  germ- 
layers.  On  the  contrary,  it  is  only  afterwards  that  there  is  effected  on  this 
material  a  further  fonnation  of  cells,  the  secmidary  cleavage.  The  immature 
cells  of  the  holoblastic  eggs,  over-loaded  with  nutritive  yolk,  divide  them- 
selves, or,  if  one  prefers,  *  cleave '  themselves  further,  or  the  parts  which  are 
most  richly  provided  with  protoplasm  constrict  themselves  off  from  the 
eggs,  whereas  the  remnant  of  the  nutritive  material  is  consumed, — the 
unformed  remnants  of  the  protoplasm  (germ-processes)  of  meroblastic  eggs 
become  divided  up  into  cells.     The  cell-material  thus  secondarily  aoqaired 


I  BBVELOPMENT   OF   COKKECTIVE   BL'BSTANCE   AND   BLOOD.  191 

Kndgnles  in  between  the  piimaiy  germ-Iajers,  and  becomes  blood  and  coniiec- 
I  tiie  sabslancc." 

According  lo  tlie  i^cect  inveirtigations  of  BjlBL,  iCieqi-gb.  vak  Wijhb. 
L  BUCKBBT.  and  others,  Ibe  mesenchyme  is  produced  from  various  regions  of 
I  the  middle  germ-layer.  A  pari  icipstion  (if  tbe  iDDer  germ-Iajer  in  tbe  fcinna- 
I   tion  of  the  blood-TesselB  is  rendsred  probable. 


Summary. 

.  Besides     the    four    ^eiin-layei's,    which    have    the    form     of 

ejrithclUI    lamells,   special    germs    are    developed    in    the    liigher 

Vertebrates  for   the   sii3tentntivo  Kubatances  and  the  blood, — the 

meHonchyme-germs.     The  latter  together  make  tip  the  intermediate 

I   layer. 

2.  The  mesenchyme- germs  arise  hy  celk  detaching  themselveii 
from  epithelial  union  with  the  germ-layers,  and  penetrating  as 
tnigratoi'y  cells  into  the  fissure  between  the  fotir  germ-layei-ti  (tbe 
remnant  of  the  originul  cleavage -cavity)  and  spreading  themselves  out 
in  this  apace, 

3.  Germ-layers  and  mesenchyme -germ  (intermediate    layer)   ex- 
'   hibit  a  difference  in  the  method  of   their  origin:  the  former  are 

developed  by  foldings  of  the  wall  of  the  bluHtida,  the  latter  by  emi- 
gration of  isoluted  cells  from  definite  territories  of  tbe  germ-layers. 

4.  Mesenchyme-germaarisefrom  the  wallof  the  primitive  segment, 
from  the  cutis-plate,  and  at  certain  i-egions  of  the  parietal  and 
visceral  lamellie  of  the  middle  germ-layer. 

5.  Blood-veseehi  are  developed  both  in  the  body  of  tbe  embryo 
itself,  in  a  manner  which  still  remains  to  be  accurately  determined, 
and  also  in  tbe  territory  of  the  area  opaca  of  meroblastic  eggs. 

6.  The  source  of  the  cells  from  which  the  vessels  and  blood  of 
the  opaqtie  area  arise  is  at  present  a  matter  of  controversy. 

7.  In  the  formation  of  vessels  in  the  opaque  area  tbe  following 
phenomena  are  to  be  i-egarded : — 

(a)  Tlie   embryonic   cells   of    the  intermediate   layiiT   ari-ange 
tbeiuseiven : — 

First  into  a  network  ot  eords,  and 
Secondly  into  the  substance-islands  (Substanzinseln). 
(ft)  There  are  developed  out  of  the  cell-cords,  at  the  "Bame  time 
with  the  secretion  of  the  fluid  portions  of  the  hltiotl,  the 
endothelial  wall  of  the  primitive  blooil- vessels  and  their 
cellular  contents,  the  blood-eorpuacles  (blood -inlands), 
(e)  The  Substanzinaelu  become  embryonic  connective  substance. 


192  EMBRYOLOGY. 

(d)  The  place  where  blood-vessels  and  connective  substance  at 

fii-st  arise  in  the  opaque  area  is  sharply  limited  at  the 
periphery  by  a  circular  vessel,  the  sinus  terminalis. 

(e)  Since  the  outer  and   the  inner  germ-layers  further  con- 

tinue to  spread  themselves  out  over  the  yolk  after  the 
development  of  the  intermediate  layer,  the  body  of  the 
embryo  becomes  surrounded  by  three  areas : — 
First  by  the  area  peUucida, 
Secondly  by  the  vascular  area  ending  in  the  sinus 

terminalis, 
Thirdly  by  the  yolk-area,  which  is  coextensive  with 
the  margin  of  the  overgrowth. 

8.  The  red  blood-corpuscles  of  all  Vertebrates  possess  in  the 
earliest  stages  of  development  the  power  of  increase  by  means 
of  division.  The  red  blood -corpuscles  of  Mammals  have  at  this 
time  a  nucleus. 

9.  Tlie  following  table  gives  a  survey  of  the  fundamental  organs 
of  the  embryo,  and  the  products  of  theii  further  development : — 

I.  Outer  (}erm-layer. 

Epidermis,  hair,  nails,  epithelium  of  dermal  glands,  central  nervous 

system,  peripheral  nervous  system,  epithelium  of  sensory  organs,  the 

lens. 

n.  Primary  Inner  (Jerm-layer. 

1.  Entoblastj  or  secondary  inner  (jerm-layer. 

Epithelium  of  the  alimentary  canal  and  it«  glands,  epithelium 
of  urinary  bladder. 

2.  Funda7ne7U  of  ilie  cJiorda. 

3.  Tli^  middle  gemi-layera. 

A,  Primitive  Segments, 

Transversely  stn[x^d,  voluntary  muscles  of  the  body.  Parts 
of  the  mesenchyme. 

B.  lateral  Plutes, 

Epithelium  of  the  pleuroperitoneal  cavities,  the  sexual  cells 
and  ej)itbelial  components  of  the  sexual  glands  and  their 
outlets,  epithelium  of  kidney  and  ureters.  Parts  of  the 
mesenchyme. 

4.  MesencJiyme-ijerm. 

Group  of  the  connective  substances,  blood-vessels  and  blood, 
lymphoid  organs,  smooth  involuntaiy  muscles. 


I 
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CHAPTER  X. 

ESTABLISHMEXT  OF  THE  EXTERNAL  FORM  OF  THE  BODY. 

After  having  investigated  in  the  preceding  chapters  the  fundamental 
organs  of  the  body  of  vertebrated  animals,  or  the  germ-layers,  and 
their  first  important  differentiations  into  neural  tube,  chorda,  and 
primitive  segments,  as  well  as  the  origin  of  the  blood  and  connective 
tissues,  it  will  be  our  next  undertaking  to  make  ourselves  acquainted 
with  the  development  of  the  external  form  of  the  body,  and  with  the 
development  of  the  embryonic  membraneSy  the  latter  being  intimately 
connected  with  the  former. 

There  exists  an  extraordinary  difference  in  these  respects  between  the 
lower  and  higher  Vertebrates.  When  the  embryo  of  an  Amphioxus 
has  passed  through  the  first  processes  of  development,  it  elongates, 
becomes  pointed  at  both  ends,  and  already  possesses  in  the  main 
the  worm -like  or  fish-like  form  of  the  adult  animal.  But  the  higher 
we  ascend  in  the  series  of  Yertehrates,  the  more  are  the  embryos, 
when  they  attain  the  stage  of  development  corresponding  to  the 
Amphioxus  embryo,  unlike  the  adult  animals:  at  this  stage  they 
assume  very  singidar  and  strange  forms,  inasmuch  as  they  become 
surrounded  by  peculiar  envelopes  and  are  provided  with  various 
appendages,  which  subsequently  disappear. 
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The  difference  is  referable,  fiftt  ofaU,  to  the  more  or  le»i  extmsive 
aecumulnlion  of  7itUriliiM  j/olA,  the  significance  of  which  for  the 
nascent  organiNni  ii§  twofold. 

Fiisiu  a  p/ti/»uiloyical  point  of  view,  the  nutritive  yolk  Ik  a  nch 

Bou-oe  of  energy  wliich  alone  makes  it  possible  for  the  embryological 

processes  to  take  place  in  uaint«rriipt«d  sequence,  until  at  length  on 

I  oi^anism,  with  an  already  relatively  high  organisation,  begina  its 

independent  existence. 

lorp/ioloffioal  point  of  vino,  on  the  other  hand,  the  yolk  plays 
the  rli\e  of  ballast,  whicli  exerts  a  restrictive  and  modifying  influence 
on  the  direct  and  free  development  of  those  organs  which  are  en- 
trusted with  the  reception  and  elaboration  of  it.  Even  at  the  very 
beginning  of  development  we  could  koh  how  the  clwivage-process  and 
bheformatioiiof  the  germ-layers  were  retarded,  altered, and  toacei-tain 
extent  even  suppressed  by  the  pi'esence  of  yolk.  In  what  follows  we 
shall  again  have  occasion  to  point  ont  the  same  thing, — how,  owing 
to  the  presence  of  yolk,  the  normal  formation  of  the  intestinal  canal 
and  of  the  body  can  be  attained  only  gradually  and  by  a  circuitous 

In  the  lecovd  phce,  the  great  difference  which  the  embryos  of 
Vertebrates  present  is  produced  by  the  medium  in  which  the  eggs 
undergo  development.  Eggs  which,  like  those  of  water -inhabiting 
Vertebrates,  are  deposited  in  the  water,  are  developed  in  a  more 
simple  and  direct  manner  than  those  which,  provided  with  a  firm 
shell,  are  laid  upon  the  land,  or  than  those  which  are  enclosed  in 
the  womb  up  to  the  time  of  the  birth  of  the  embiyos. 

In  the  two  latter  cases  the  grooving  organism  attains  its  goal  only 
by  very  indirect  ways.  At  the  same  time  with  the  permanent  organt 
there  are  also  developed  others  which  have  no  significance  foi'  the 
post-embryonic  life,  but  which  serve  during  tho  egg-stage  of  ezist- 

•  sther  for  the  proUelion  of  the  soft,  delicate,  and  easily  injured 
ndj,  OP  for  re^ralion,  or  for  nutrition.  These  either  undergo 
edre  metamorphosis  at  the  end  of  embryonic  life,  or  are  cast 
t  Inrth  as  useless  and  unimportant  structures.  Sut  inasmuch  as 
they  are  developed  out  of  the  germ-layers,  they  are  also  properly  to 
be  regarded  as  belonging  immediately  to  the  nascent  organism — as 
being  its  tmbryonic  organt,  and  as  such  tbey  too  are  to  bo  treated  in 
morphological  descriptions. 

The  extensive  material  which  has  to  be  mast«red  in  this  con- 
ueotion  I  shall  present  grouped  into  two  parte. 

lu  Uie  first  part  we  shall  luquire  hoAv  the  embryo  overcomes  the 
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obstacle  which  it  encounters  in  the  presence  of  the  yolk  end  acquires 
its  ultimate  form. 

In  the  Mcond  and  likewise  more  extensive  part  we  must  concern 
ourselves  more  minutely  with  the  embryonic  enveloping  RtmctureR 
and  appended  oi^ns,  which  subserve  various  purpome. 


The  collection  of  yolk-material  dJstiirhR  the  course  of  development 
leant  in  the  cnK*.-  of  the  Amphibia.  The  latter  therefore  stand, 
as  it  were,  midway  between  Amphioxus  with  direct  development 
and  the  remaiiung  Verte- 
bratea,  and  coustitnte  a 
transition  between  them. 
In  the  Amphibia  the  yolk 
flharefl  in  the  process  of 
cleavage;  after  the  close  of 
this  process  it  is  found  ac- 
cumulated for  the  most  part 
in  the  large  yolk-cells  which 
form  the  floor  of  the  blastula 
(fig.  45) ;  at  the  time  of  the 
difierentiation  into  germ- 
layers  it  is  taken  up  into  the 
ccElE'nteron,  which  it  almost 
completely  fills  (fig.  47);  after 
the  formation  of  the  body- 
acs  the  large  yolk-cells  lie 
in  a  similar  manner  in  the 
ventral  wall  of  the  intestine  prop«r  (fig.  118  t/k).  Here  they  are  in 
part  dissolved  and  employed  for  the  growth  of  the  remaining  parts 
of  the  body,  in  part  they  share  directly  in  the  formation  of  the 
epithelium  of  the  ventral  wall  of  the  intestine. 

In  consequence  of  the  presence  of  the  great  accumulation  of  yolk- 
cells,  tlie  Amphibian  embryo  acquires  a  shapeless  condition  at  a  time 
when  the  Ampbioxus  larva  has  already  become  elongated  and  fish- 
like. The  body,  which  is  spherical  during  gastrulation,  later  becomes 
egg-shaped,  owing  to  its  elongation.  Thereupon  the  head-end  and 
the  tail-end  begin  to  be  established  at  the  two  poh  s  as  small  eleva- 
tions (figs,  118  and  80).  The  middle  or  trunk-part  lying  between 
the  latter   becomes  somewhat  incurved  along  its  dotaal  region,  in 
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which  neiiral  lube,  chmila,  iind  primitive  Megments  are  developed,  bo 
that  the  cephalic  and  caudnl  elevations  become  joined  by  means  of 
A  concave  line.  The  ventral  aide  of  the  trunk-region,  on  the  con- 
trary, in  greatly  Hwollen  and  bulges  out  ventrally  and  laterally  like 
a  hernia,  since  it  in  filled  with  yolk-cells.  This  swelling  is  therefore 
called  the  ijolks-u:. 

In  the  further  progress  of  development  the  embi-yo  continually 
acquii'Os  a  more  fish-like  shape.  Tlie  anterior  and  the  posterior 
ends  of  the  body,  especially  the  latter,  increase  greatly  in  length, 
and  the  middle  of  the  trunk  becomes  thinner,  for  with  the  consump- 
tion of  the  yolk-material  the  yolk-sac  becomes  smaller  and  finally 
disappears  alt4)gether,  iU  walls  being  incorporated  into  the  ventral 
wall  of  the  intestine  and  that  of  the  body. 

The  inler/ereneet  in  the  nornuU  course  of  devdopiiient  htoome  greater 
in  the  aame  ratio  as  the  yolk  iiiereaaea  in,  amount,  as  it  does  in  the 
eate  ^  the  vterobUutic  rgija  of  Fiahes,  Replilea,  and  Birds.  With 
the  latter  the  yolk  is  no  longer  broken  up  into  a  mass  of  yolk-cells. 
M  in  the  case  of  the  Amphibia  ;  it  participates  in  the  process  of 
cleavage,  hut  only  to  a  slight  extent,  inasmuch  an  nuclei  make  their 
way  into  tlie  layer  of  yolk  which  ii;  adjacent  to  the  germ,  and,  sur- 
rounded hy  protoplasm,  continue  to  increase  iu  number  by  division. 
The  gastnila-form  is  altered  until  it  becomee  unrecognisable;  only 
&  small  part  of  its  dorsal  surface  consifits  of  cells,  which  ai'e 
arranged  int«  the  two  primary  germ-layei-s,  whereas  the  whole 
ventral  side,  where  in  the  Amphibia  the  yolk-cells  are  found,  is  an 
unsegmented  yolk- mass. 

Thus  we  acquire  in  the  case  of  the  Vertebrates  mentioned  a 
peculiar  condition ;  the  embryo,  if  we  regard  the  yolk  as  not 
belonging  to  the  body,  appears  to  he  developed  from  layers  that  are 
spread  out  flat  instead  of  from  a  cup-like  structuie  (Plate  I.,  fig.  1, 
page  213).  Moreover  we  see  even  a  gi-eater  distinction  effected 
between  the  dorsal  and  ventral  surfaces  of  the  egg  dnriiig  develop- 
ment than  WOM  the  CAne  with  the  Amphibians.  Tlio  fundaments  of 
all  important  organs,  the  nervous  syntem,  the  chorda,  the  primitive 
segment*"  (Plate  J.,  figs.  2,  8),  ai-e  at  first  produced  exclusively  on  the 
foi'mer,  whereas  on  the  ventral  side  few  and  unimportant  changes  only 
are  to  be  observed.  These  consist  principally  ui  the  extension  of  the 
germ-layers,  which  spi-ead  out  farther  ventrally,  grow  ovei'  the  yolk- 
mass  (Plate  I.,  figs.  2-6),  and  form  around  it  a  closed  sac  conBL<<t4ng 
of  several  layers.  This  cii-cumcrescence  of  the  unsegmented  yolk  by 
the  germ-layers  is  accomplished,  on  the  whole,  very   slowly,  the  more 
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voluminouti  the  iux;uuiiilat«d  volk-niiit^-in),  the  more  time  it  requires : 
n  the  cam  oF  BiiiIk  it  in  comjiieted  nt  a  very  lute 
stage  or  development,  when  the  embryo  hna  already  attained  a  high 
Btiiite  of  perftictiou  (Plate  I.,  fig.  5). 

In  the  case  of  meroblastJe  eggs,  the  pnrt  of  the  germ-layers 
ID  which  the  fUst  fundunients  of  the  orgnnti  (neural  tube,  chorda, 
primitive  segmentti,  etc.)  appear  has  been  distinguished  as  the 
embjyonic  area  from  the  remniuing  part,  or  the  Kctra-embryonic  ana. 
The  distinction  is  both  littiug  and  iieceertary ;  but  the  names  might 
hare  been  more  appropriate  than  "  embiyonic  and  extra-embiyonic," 
wnce  obviously  everything  that  arises  from  the  egg-iel],  and  con- 
sequently even  that 
which  originate^'  in 
the  estra -embryonic 
area,  must  he  rei-- 
honed  as  belonging 
to  the  embrj-o.  The 
ditFerentiation  into 
two  areas  persists  in 
(he  coui'se  of  further 
development,  and  be- 
coraeB  expvesBed  still 
iiioro  sharply  (fig, 
ri,.  no  ■^uu™.>.  .(u,     119),  Theembryonic 

E..   'f-'nbr."-  ■<■    'Mt.  >^v      .r    -l  i]X  .11  rii,  v.iK-»ir-nr   irUrii.      '"'•"'l.  by  meatlS  of  the 

'liwuiui  .'.,>«» <.<MUii.a.  foldingofitsflattened 

layei-s  into  tubes, 
alone  forme  the  elongated,  £sh-like  body  which  all  VeHebrate«  at 
fii-st  exhibit;  the  cxti-o-embi-yonic  ariii,  on  the  contrary,  beoomes 
A  HOC  filled  with  yulk  (<&),  which,  like  un  enonuouH  hernia,  is  united 
to  the  embryo  {Bw.)  by  means  of  a  Htnlk  (*t)  atbu'hed  to  its  belly, 
sometimee  even  while  the  embryo  is  still  remarkably  pmall. 

We  must  now  e.iplaiu  more  minutely  tbi^  detiiils  of  the  processes 
of  development  whiuh  Utke  place  in  this  connection:  fii-st  the 
metamorphosis  of  the  flalt«ncd  embi^onic  area  into  the  fi»h4ike 
embryonal  body,  and  aefondly  the  formation  of  the  yolk-sac. 

In  the  preeentntion  we  shall  adhere  chiefly  to  the  Hen's  egg,  but 
for  the  time  being  we  shall  leave  out  of  consideration  the  formation 
of  the  embryonic  meiiibrane«. 

The  body  of  the  Chick  m  dtveloptd  by  a  foUimj  of  the  JtaUewid 
lat/ert,  avd  hy  theantstrieiintj  off  of  the  IvhuUir  structures  tfmt  /ormed 
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from  (Ae  area  pellticida.  The  boginning  of  the  prooeea  of  folding  ia 
recognisable  upon  the  surface  of  the  bloetodenu  by  meant)  of 
certain  furrows,  the  marginal  grooves  (Grenzrinnen)  of  His.  These 
appear  earlier  in  the  anterior  than  in  the  posterior  region  of  the 
embryonic  fundament,  in  correspondence  with  the  law  previously 
enunciated,  according  to  which 
the  anterior  end  of  the  body 
anticipates  in  development  the 
poeterior  end. 

At  first  that  part  of  the 
embryonic  fundament  which  it; 
destined  to  become  the  head  U 
markeil  off  by  meanii  of  a  cres- 
eentic  groove  (fig.  120).  In  the 
caae  of  the  Chick  this  is  indicated 
during  the  first  day  of  incubation, 
at  a  time  when  the  first  trace 
of  the  nervous  sj'stem  becomes 
visible.  It  lieM  immediately  in 
front  of  the  curved  anterior  end 
of  the  medullary  ridges,  with  its 
concavity  directed  baiikwmil. 

At  a  later  stage  the  cmbryoiiii' 
area  is  marked  off  laterally.     In 
the  case  of  the  embryo  seen  fi 
the  Hurfaoe  in  fig.  121,  in  which    , 
the  neural  tube  is  already  partly 
clotted  and  segmented  into  three 
brain- veHcles,  and  in  which  six 
piura  of  piiinitive  eegmenln  are 
laid  down,    there    may    be    re- 
oogniHed  at  some  distance  fi'oni 
these    primitive    uegments    two 
dairk    uti-eaks,    the   two   lateral    l 
lestt  distinct  in  pa«dug  from  befon 
at  the  end  of  the  primitive  groove. 

^Finally,  the  tail'end  of  tlie  embryo  is  marked  ott'  by  the  posterior 
marginal  groove,  which  like  the  anterior  is  cresceutic,  but  has  its 
concavity  directed  toward  the  head. 

Tn  this  manner  a  small  part  of  the  germ-layers,  which  alone  is 
required  for  the  construction  of  the  permanent  body,  is  sejMirtttcd  by  a 
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groove  is  deepened  into  a  pit, — the  more  its  ndge  is  turned  back- 
wards. 

Two  diagrammatic  longitudinal  sections,  one  of  which  is  shown  in 
fig.  133,  the  other  oa  Plate  I.,  fig.  11,  may  serve  to  illustrate  this 

In  fig.  132  there  is  shown,  projecting  above  the  otherwise  smooth 
flat  surface  of  the  germ-layerH,  a  small  protuberance,  which  encloses 
the  anterior  end  of  the  neural  tube  {y^.C)  and  the  simultaneously 
forming  intestinal  tube  (Z)),  and  which  has  arisen  by  the  formntion 
of  the  fold  F..S'o.     The  upper  sheet  of  the  fold,  hy  diitcting  itself 
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backwards,  furnishes  the  ventral  wall  of  the  cephalic  elevation  ;  the 
lower  sheet  forms  the  floor  of  the  marginal  groove. 

In  the  second  figure,  in  which  there  is  represented  a  diagrammatic 
longitudinal  section  through  an  older  embiyo,  the  head-fold  {kf)  has 
extended  still  farther  backward.  The  head  has  thei-eby  become 
longer,  sini'i^  its  under  surface  has  increased  in  consequence  of  the 
iidvuuce  in  the  pi'ocess  of  folding. 

Wlioever  desires  to  make  this  pi-ocess,  which  is  very  im|joi-tant  for 
the  compi-ebension  of  the  conxtruction  of  animal  forms,  cleai'er  and 
more  inUtUigible,  may  do  so  with  (he  help  of  an  easily  constructed 
model.  Lt<t  him  stretch  out  his  left  hand  on  a  table,  and  spread  flat 
over  the  hack  of  it  a  cloth,  which  is  to  repi'esent  the  blastoderm  ; 
then  let  him  fold  in  the  cloth  with  his  right  hand  by  tucking  it  a 
little  way  undei'  the  points  of  his  left  fingers.  The  aHilicially  pro- 
duced fold  corresiKintls  to  the  head-fold  previously  destjihed,      The 
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points  of  the  fingers,  which  by  the  tucking  under  of  the  doth  have 
received  a  ooveiing  on  their  lower  sides,  and  which  project  above 
the  otherwise  flattened  cloth,  are  comparable  to  the  cephalic  eleva- 
tion. In  addition  we  can  represent  the  backward  growth  of  the 
head-fold  by  tucking  the  cloth  still  farther  under  the  left  fingers 
toward  the  wrist. 

The  hinder  end  of  the  embryo  develops  in  the  same  manner  as  the 
front  end,  only  somewhat  later  (compare  fig.  11,  Plate  I.).  Corre- 
sponding to  the  posterior  marginal  groove  {gr),  the  tail-/old  is  so  formed 
that  its  ridge  is  directed  forward  and  that  it  grows  toward  the  head-fold. 

Where  in  surface-views  of  the  blastoderm  the  lateral  marginal 
grooves  are  to  be  seen  (fig.  121),  one  recognises  on  cross  sections  the 
kUercU  /olds  (Plate  I.,  fig.  8  af).  They  grow  at  first  directly  from 
above  downwards,  thus  producing  the  lateral  walls  of  the  trunk. 
Afterwards  their  margins  bend  somewhat  toward  the  median  plane 
(Plate  I.,  fig.  9  8/)f  thereby  approaching  each  other,  and  in  this  way 
gradually  draw  together  to  form  a  tube  (Plate  I.,  fig.  10).  By  their 
infolding  the  trunk  acquires  its  ventral  wall. 

In  order  to  avoid  misconceptions,  let  it  be  further  remarked  that 
only  at  the  beginning  of  their  formation  are  head-,  tail-,  and  lateral 
folds  somewhat  separated  from  one  another,  but  that  when  they 
are  more  developed  they  are  merged  into  one  another,  and  thus  are 
only  parte  of  a  single  fold^  which  encloses  the  fundament  of  the  embryo 
on  all  sides. 

As  the  separate  parts  of  this  fold  increase,  they  grow  with  their 
bent  margins  from  in  front  and  from  behind,  from  right  and  from 
left,  toward  one  another,  and  finally  come  near  together  in  a  small 
territory,  which  corresponds  approximately  with  the  middle  of  the 
surface  of  the  embryo's  belly,  and  is  designated  on  the  figure  of  the 
cross  st?ction  through  this  n»gion  (Plate  I.,  ^g,  10)  by  a  ling-like  line, 
(/m).  Thus  a  small  tubular  body  Ls  formed  (Plate  I.,  fig.  3),  which  lies 
upon  the  extra-embryonic  area  of  the  blastoderm  and  is  united  to  it 
by  means  of  a  hollow  stalk  (/m).  The  stalk  marks  the  place  where 
the  margins  of  the  folds,  growing  toward  one  another  from  all  sides, 
have  met,  but  a  complete  constricting  ofl*  of  the  embryonic  territory 
from  the  extra-embiyonic  does  not  take  place. 

We  can  al^o  represent  these  conditions,  if,  in  the  previously  men- 
tioned model,  we  in  addition  fold  in  the  cloth  that  covers  the  tips 
of  the  fingers  along  the  sides  of  the  hand  and  the  wrist,  and  then 
carry  the  circular  fold  thus  artificially  formed  still  farther  under, 
even  to  the  middle  of  the  palm.     Then  the  cloth  forms  around  the 


ESTABLISHMENT   OF   THE  EXTERNAL   FORM   OF  THE   BODY.        303 

band  a  tubular  Hheuth,  which  ib  continuous  at  one  place  by  meane 
of  a  connecting  cord  with  the  flattened  remaining  portion  of  the 
cloth. 

A  process  similar  to  the  externally  visible  one  just  described,  by 
which  the  lateral  and  ventral  walls  of  the  body  ai-e  produced  from 
the  sheet-like  fundaments,  takes  place  at  the  same  time  within  the 
embi-yo  in  the  splanchnopleure.  There  are  developed  from  it,  as 
from  the  eoniatopleiire,  an  anterior,  a  posterior,  and  two  lateral 
intestinal  folds. 

Firat,  at  tlie  time  when  the  head  is  differentiated  (Qg.  132),  the 
part  of  the  splanchnopleure  corresponding  to  it  {F.Sp.)  is  folded 
together  into  a  tube,  the  so-called  eaviti/  of  Uie/ore  gitt  or  head-gut  (D). 

The  Name  process  i-cprats  itself  on  the  third  day  of  incubation  at 
the  posterior  end  of  the  embryonal  fundament,  where,  upon  the 
appearance  of  the  iMiudal  part  {Plate  I.,  fig.  11),  there  is  formed 
within  it  and  out  of  the  splanclinopleure  the  cavity  ofl/ie  hiwl  gut. 

Ikitii  parte  of  the  intestine  at  flriit  terminate  with  blind  ends 
directed  toward  the  outer  surface  of  the  tiody.  At  the  head-end 
the  month-opening  is  .still  wanting,  lit  the  posterior  end  the  anus. 
Wheu,  howtver,  one  raises  the  blastoderm  with  tlie  nascent  embryo 
from  the  yolk,  and  examines  it  from  the  under  side,  the  ant«rior 
and  posterior  portions  of  the  intestinal  canal  exhibit  openings  {vdpf 
nnd  ftdpf),  through  wliidi  one  can  look  from  the  yolk-side  into  the 
blind-ending  cavities.  One  of  these  \&  called  the  antenor,  the  other 
.  thB  poatennr,  mtettiruU  portal  or  inteetinai  entrance  (Plate  I,,  fig.  11 
n^/'and  itdpf). 

Betweeji  the  two  pot-tals  the  middle  region  of  the  intestinal  canal 
remainti  lor  a  long  time  as  u  leaf-like  funilamenl.  Then  by  it« 
In-coming  somewbRt  lient  downwanls  (Plate  I,,  figst.  9  and  2)  there 
arises  unilei-  the  thocda  dorwahs  an  iiUcstinal  groove  ('^r),  whii'b  lies 
lietween  fore  and  hind  gut.  Owing  to  the  further  increast-  of  the 
lateral  intestinal  folds  (df),  the  groove  becomes  deeper  and  deejcr, 
and  finally,  by  the  approximation  of  the  edgo»  of  the  folds  from  in 
front,  from  behind,  and  from  both  isides,  becomes  closed  into  u  tube 
in  the  ^me  manner  as  the  wall  of  the  boily. 

At  only  one  small  place,  which  is  indicated  by  the  ring-like  line 
dn  in  Plate  I.,  fige.  3  and  10,  the  folding  and  constiicting-oS*  process 
is  uul  completed,  and  here  the  intestinal  tube  too  remains  con- 
tinuous, by  means  of  a  hollow  i^talk,  with  the  extra-embryonic  pail 
of  the  tjplunchnopleiu^,  which  encloses  the  yolk. 

The  part  of  tbe  germ-layers  which  is  not  employed  in  the  foi'matiou 
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of  the  embryo  furnishes  in  the  case  of  the  Reptilee  and  Birds  the 
yolk-sac  and  certain  embryonic  membranee.  I  sball  speak  of  the 
development  of  these  in  the  neit  chapter. 

The  fate  of  the  extra- embryonic  aiva  of  the  blastoderm  in  Fishett 
is  more  simple,  since  there  is  formed  from  it  only  a  sac  for  the 
reception  of  the  yolk. 

Kg.  123  exhibits  the  embryo  (Sm)  of  a  Selachian,  which  has 
arisen  by  the  infolding  of  a  small  area  of  the  germ-layers  in  the 
manner  described  for 
the  Chick.  All  the 
remaining  part  of 
the  egg  has  become 
a  great  yolk-sac  (d»), 
which  is  united  with 
the  middle  of  the 
belly  by  means  of  a 
long  stalk. 

The  Teleoste  (Plate 

I.,    fig.    6)    show   us 

tranMitioDK  from  this 

I  iPriiiiiiiiu),  tiitt    condition  to   one   in 

which   the  yolk-sac, 

iii*iiiQ»:  ic.  vomviKiiiM.,  (u,    in     Amphibians, 

is  not  separated   by 

a  Htatk   from   the  meRenteron,    hut   represents  only  a    capacious 

enlargement  of  the  latter  and  of  the  belly-wall. 

Let  us  now  examine  more  carefully  the  atrueture  qf  the  yoUe-iax. 
As  has  been  remarked  ulready,  alt  four  of  the  germ-layers  spread 
themhetvcii  outoneiifter  another  around  the  unsegmented  yolk-matis 
of  meroblnstii:  eggs  (Plato  I.,  figs,  6  and  7).  Am  in  the  embryonal 
body  the  two  middle  germ-layere  .separate  from  ojieh  other  and  allow 
the  body-ciivity  to  appear  l>etween  them,  ho,  too,  at  a  later  stage 
the  Biime  process  otcuw  in  the  extra-embryonic  aroii.  Throughout 
the  i-egicn  of  the  middle  germ-layer  there  ir>  foimed  a  narrow 
fissure,  foi'  wliifli  the  name  "  extni-embvyonic  body-cavity,"  or 
blastosjifierie  caiom  (cavity  of  the  Ijlastoderm,  Kolliker),  would  be 
most  suitabli'.  It  Ke|>amti's  the  envelope  of  the  yolk  into  two  layers, 
of  which  the  inner  is  the  immediate  continuation  of  the  intestinal 
wall  (splanchnopleure),  the  outer,  on  the  contrary,  that  of  the  body- 
wall  (somatopteiire).  Tlierefore,  to  be  exact,  we  have  before  us  a 
double  sac  formed  around  the  yolk,  which  we  can  distinguiBb  aa 
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mt«Btinal  yolk-sac  and  dermftl  yolk-sac.  The  former  is  dmply  a 
hernia-like  evagination  uf  the  intestinal  canal,  and,  like  it,  is 
composed  of  three  Uyern : — 

(1)  The  iiitestino-glandular  lay('r{iA),— theentoblnst  or  Hecondary 
entoderm,  which  enclosea  the  yolk ; 

(2)  The  viM^ral  middle  layer,  or  the  pleuroperitonfal  epithelium 
(mi>) ;  and 

(3)  The  intermediate  layer  (Zwischpnblatt),  in  which  have  bepn 
rievi'loped  the  vitelline  blood-vessels,  which  at  the  beginning  of  the 
etrculatiou  of  the  blood  have  U)  conduct  the  hquefied  nutritive 
material  from  the  yolk-nac  to  the  places  of  embryonic  growth. 

The  dermal  yolk-sac  is,  as  a  continuation  of  the  body-wtill,  likewise 
composed  of  three  layent — the  epidermis  (oft),  the  parietal  middle 
layer  (tnk'),  and  the  connective-tissue  intermediate  Hiibntfince 
( Z  w  iwhensubwtani ) . 

It  has  already  been  stated  that  the  constncting-off  of  the  yolk-sac 
from  the  embryonal  body  is  quite  vaiiable  in  ext«nt,  and  can  go  so 
far  that  the  connection  between  the  two  is  kept  np  only  by  means 
of  a  narrow  ntjtlk.  A  more  careful  examination  shows  that  in  the 
latter  ca:^  the  stalk  itself  in  composed  of  two  narrow  tubes  one 
within  the  other  (Plate  I,,  fig,  7),  of  which  the  oviter  unites  the 
derm&l  yolk-sac  (A«)  to  the  ventral  wall  of  the  body,  and  the  inner 
ths  intestinal  yolk-ano  to  the  intestinal  canal.  The  former  is  called 
the  dermal  stalk,  the  latter  the  intestinal  stalk  {dn)  or  vitelline 
duct,  ductus  vitello-intestinalis.  The  place  of  attachment  of  the 
dermal  stalk  in  the  middle  of  the  ventral  surface  o[  the  embryo  is 
called  the  dermal  navel  (hn) ;  the  corresponding  place  of  attachment 
of  the  intestinal  stalk  to  the  wall  of  the  intestine  the  intestinal 
navel  {dn).  The  embryonic  body-cavity  ojiens  out  Iwtween  tlie  two, 
and  is  continuous  with  the  fissure  lietween  dermal  and  intestinal 
yolk-sac — with  the  "  eitra-embryoniu  body-cavity "  or  the  blasto- 
spheric  ccelom  (U'). 

The  ultimate  fate  of  the  yolk-sac  in  the  Fishes  is  the  same  as  in 
the  Amphibia,  it  is  .still  employed,  even  in  the  extreme  case  of  the 
Selnchiiius,  for  the  fonnation  of  the  wall  of  the  intestine  and  that 
of  the  body.  The  more  its  contents  are  liquefied  and  absorbed, 
the  more  the  yolk-sac  shrivels.  When  the  inteatinal  yolk«u!  has 
become  very  small,  it  is  drawn  into  the  body-cavity  and  finally 
serves  to  close  the  intestinal  navel,  just  as  the  dermal  yolk-sac  upon 
its  disappearance  closes  up  the  dermal  navel.  With  the  lowei' 
Vertebrates  a  shedding  of  the  embryonic  parts  has  not  yet  come  into 
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existence.      The   next  chapter  will   explain   what  becomes  of  the 
yolk-sac  in  the  case  of  Reptiles  and  Birds. 

Summary. 

1 .  In  the  case  of  Vertebrates  whose  eggs  contain  little  yolk,  the 
embr}'^o  after  the  development  of  the  germ-layers  takes  on  an 
elongated,  fish-like  form. 

2.  In  eggs  with  abundant  yolk  the  body  of  the  vertebrated  animal 
is  produced  by  only  a  small  region  of  the  geim-layers  (the  embryonic 
fundament);  the  far  greater  extra-embryonic  area  is  employed  for 
the  formation  of  a  yolk-sac  and  of  embryonic  membranes  (the  latter 
only  in  Reptilas  and  Birds). 

3.  The  separate  layers  of  the  embryonic  fundament  constrict  them- 
selves off  from  the  extra -embryonic  territory,  and  at  the  same  time 
become  folded  into  tubes — ^the  somatopleure  into  the  tubular  body- 
wall,  the  splanchnopleure  into  the  intestinal  tube  (head-fold,  tail-fold, 
lateral  folds,  intestinal  groove,  intestinal  fold). 

4.  The  extra-embryonic  territory  of  the  germ-layers  remains  in 
continuity  with  the  two  tubes  by  means  of  a  stalk-like  connection. 

5.  In  Fishes  the  extra-embryonic  territory  of  the  germ-layers 
becomes  the  yolk-sac,  which  is  composed  of  two  sacs,  the  intestinal 
and  the  dermal  yolk-sacs,  separated  from  each  other  by  a  pro- 
longation of  the  embryonal  body-cavity. 

6.  The  place  where  the  dermal  yolk-sac  Ls  attached  to  the  belly- 
wall  of  the  embryo  by  a  stalk-like  prolongation  is  called  the  dermal 
navel  or  umbilicus ;  the  corresponding  place  of  attachment  of  the 
intestinal  yolk-sac  to  the  middle  of  the  intestinal  canal  is  the 
intestinal  navel  or  umbilicus. 

7.  In  Fishes  the  yolk-sac  after  resorption  of  the  yolk-material, 
accompanied  by  the  phenomena  of  shrivelling,  is  employed  for  the 
closure  of  the  intestinal  and  dermal  navels. 

8.  In  Reptiles  and  Birds  the  extra-embryonic  region  furnishes, 
in  addition  to  the  yolk-sac,  several  other  embryonic  membranes, 
which  complicate  the  development. 


CHAPTER  XI. 

THE  FCETAL  MEMBBANES  OF  REPTILES  AND  BIRDS, 

As  has  already  been  stated,  the  course  of  development  in  all  animals 
which  do  not  deposit  their  eggs  in  water — in  Reptiles,  Birds,  and 
Mammals — is  unusually  complicated,   owing  to  the  appearance  of 
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special  egg-envelopeB  (embryonic 
them,  according  to  theii-  origin, 
embryonic  area  of  the  germ- 
layera,  and  indeed  to  that  part 
which  in  Fishea  is  employed  for 
the  yoJk-sao.  They  arise  from 
folds,  which  grow  around  the 
embryo  while  it  is  still  small, 
and  furnish  a  double  envelope 
for  it. 

The  egg-envelopes  (embryonic 
membranes)  of  Reptilen  and 
Birds,  which  exhibit  almont 
identical  conrEtions,  and  the 
consideration  of  which  we  shall 
take  up  Brat,  are  more  simply 
constituted  than  those  of  Mam- 
mals. In  the  case  of  the  former 
there  are  associated  with  the 
.yolk-sac,  in  the  possession  of 
which  they  agree  with  the 
Amphibia  and  Fishes,  three 
additional  embryonic  appen- 
dages, the  amnion,  the  mem- 
brana  serosa  (or  briefly  gerom), 
and  the  lUlantoia.  They  are 
partly  laid  down  at  an  early 
period,  at  the  time  when  the 
embi^onic  body  is  converted 
into  tubes  by  the  infolding  of  tin 
stricted  off  fi-om  the  yolk-sac. 

The  Chick  shall  again  serve  as  a  basis  for 


ftctal  membranes).      Some  of 
e  to  be  referred  to  the  extra- 


layers  and  ia  tliei-ehy  t 
description. 


1.  The  Amnion,  the  Serosa,  and  the  Yolk-Sao. 
The  anvaioti  is  a  sti'ucture  the  appeai-ance  of  which  Ls  recognisable 
remarkably  early  in  the  Chick.  At  the  time  when  one  recognises 
the  semicircular  head-fold  at  the  anterior  end  of  the  incipient  embryo 
(fig.  124),  by  the  growth  of  which  the  head  of  the  embryo  is  marked 
off,  there  is  already  present,  at  a  short  distance  from  it,  a  second  fold 
running  parallel  to  it.      This  is  the  anterior  /old  o/  the  a 
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product  of  the  ertra-embryonic  part  of  the   ectoderm  aod  of  the 
parietal  mesoderm  united  with  it. 
The  two  infoldings,  which  lie  near  to  each  other,  hare  oppoedle 


B.trorR. 
<Hctioii»prwnt>Ui« 

kmcttailBal  Mtti 
omdiHon  »h«.  th, 

1  hHd-fold  it  idniidT  fonud,  bot  tbr 

)Ull-foldl> 

the  floor  of 

Dt  th*« 

iorpiin 

of  'ui«  ioMrtilHi.    For  Hit 

nmndniDg  ittmoom  «  tg.  1«, 

directions  (fig.  125).  While  the  head-fold  {F.So)  advanceg  with  its 
margin  toward  the  yolk,  the  anterior  fold  of  the  amnion  {Am),  sepa- 
rated from  it  by  the  marginal]  groove,  'rises  externally  above  the 


Or  post-uiHl  ^l ;  i>r,  nodlni  of  tbe  pr 
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pUne  of  the  blastoderm.  At  the  time  when  the  head  is  being  formed, 
the  amnion  enUrgcs  rather  rapidly  (Plate  I.,  fig.  1 1  vo/),  and  grows  over 
and  around  the  head  in  a  cap-like  fold,  the  rim  of  which  is  directed 
backwarda.     At  the  end  of  the  second  day  of  incubation  it  already 
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I  covers  the  anterior  part  of  tfae  head  like  a  thin  transp&rent  veil,  and 
is  therefoi-e  called  the  cephalic  sheatli, 
In  like  manner,  but  nt  u,  somewhat  later  stage,  there  arise  at  the 
tail-end  and  at  both  eidcs  of  the  emhi-yo  the  posterior  and  lalenii 
foldiot  the  amnion.    T'Ao/KMfaHoT'/bU  is  still  very  inconspicuous  even 


t  the  time  when  the  head  is  covered  with  the  veilJiko  pellicle 
e  I.,  fig.  1 1  fti'J).  It  enlarges  slowly,  and  under  the  name  of 
d  nheath  covers  over  the  posterior  end  of  the  body  (fig.  126  om). 
e  laierai  folds  of  the  anvnion,  are  ele  vn  ted  esti'rn  ally  to  the  lateral 
inal  grooves  (fig.  127  oiii),  and  project  in  the  opposite  direction 
1  thoKe  lateral  folds  by  the  bending  in  of  which  the  lateral  and 
.1  walls  uf  the  embi'yo  iire  produced.  By  this  means  the  lim 
14 
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of  the  fold  hi  carried  farther  and  farther  from  the  splanchnopleure 
(«p),  which  remains  spread  out  flat  over  the  yolk.  In  this  way  the 
extra-embryonic  part  of  the  body-cavity,  or  the  cavity  of  the  blasto- 
derm (K6lliker),  increases  in  extent  in  the  vicinity  of  the  embryo. 
When  the  lateral  folds  of  the  amnion  have  grown  up  to  the  dorsal 
surface  of  the  embryo  (Plate  I.,  tig.  9  aaf)^  they  begin,  by  the  bending 
over  of  their  edges  medianwards,  to  form  the  so-called  lateral 
sheaths. 

Inasmuch  as  the  folds  of  the  amnion,  which  are  called  by  special 
names,  become,  when  they  are  in  full  development,  continuous,  and  are 
only  parts  of  a  single  ring-like  foldy  the  embryo  eventually  becomes 
surrounded  on  all  sides  as  though  by  a  high  wall.  With  further 
enlargement,  the  amniotic  sheaths  then  bend  together  over  the  back 
of  the  embryo  from  in  fi-ont  and  behind,  and  from  the  right  and 
the  left  (Plate  I.,  figs.  2,  3,  and  10,  a/,  vaf,  ha/),  come  together 
with  their  edges  in  the  median  plane,  and  then  fuse  with  each  other 
along  a  line,  the  amniotic  suture,  which  closes  from  in  front  back- 
wai'ds  (Plate  I.,  fig.  10),  except  that  at  one  very  small  place  near 
the  tail-end  the  closing  is  interrupted  for  a  considerable  time,  and 
a  small  opening  Ls  preserved. 

The  fusion  of  the  amniotic  folds  takes  place  in  the  same  manner 
as  the  fusion  of  the  medullary  folds  described  on  page  79.  Each 
fold  (Plat«  I.,  figs.  3  and  10)  consists  of  two  layers,  an  inner  and  an 
outer  one,  which  are  continuous  at  the  margins  of  the  folds,  and  are 
separated  by  a  fissure,  which  is  a  portion  of  the  extra-embryonic 
body-cavity.  At  the  amniotic  suture  the  corresponding  layers  of 
the  folds  of  both  sides  fuse,  and  hand  in  hand  with  this  a  separa- 
tion of  the  inner  from  the  outer  layers  takes  place  (Plate  I.,  fig.  4). 
Ajs  a  result  of  this  there  have  now  arisen  two  envelopes  over  the 
back  of  the  embryo,  an  inner  wiid  a/a  outer  one,  the  amnion  {A)  and 
the  serosa  (S). 

The  amnion  is  the  product  of  the  inner  layer  of  the  folds  (Plate  I., 
fig.  10  ifb).  It  forms  a  sac  which  immediately  after  its  origin  is 
closely  applied  about  the  embryo,  and  which  encloses  a  very  smaU 
amniotic  cavity  filled  with  fluid. 

The  serous  membrane  (serosa),  which  is  derived  from  the  outer 
layer  of  the  folds  (a/by  Plate  I.,  fig.  10),  lies  as  a  veiy  delicate  trans- 
parent membrane  closely  applied  to  the  amnion,  and  thus  encloses 
the  embryo  in  still  another  envelope. 

If  we  now  glance  back  at  the  conditions  described  in  the  previous 
chapter,  and  compare  the  development  of  Fishes  with  that  of  Reptiles 
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and  Birds,  it  !?■  to  be  Keen  thiit  ii  considerable  tompliciition  has  iiriMen 
in  tlio  case  of  tlie  latter.  Whereas  in  FLshea  the  extra- embiyonic 
area  of  the  somfltopleui-e  becomes  ejtclusively  the  dermal  yolk'Sac,  in 
Reptiles  and  fiird^  two  ee-os  have  arisen  out  of  it  by  a  process  of 
folding.     The  influcncee  producing  this  folding  appear  to  be  cleai'. 

%nc«  the  egg  i;^  enclosed  in  firmly  Hpplied  envelopes,  the  embryonic 
body,  when  it  is  fonned  by  the  folding  together  of  the  germ-layei-s, 
i»nnot  rise  from  the  yolk-Muc  ;  it  therefore  comes  to  lie  in  a  deprec^- 
sion  of  the  latter.  There  if*  the  moi^  reason  for  the  occurrence  of 
bhiK  bocuuHe  the  embryo  at  the  beginning  of  development  is  exceu- 
Mvely  htobII  in  comparison  with  the  yolk,  and  becauhe  the  yolk-l«yers 
immediately  underlying  it  become  Uquetied  and  ikbuorbed.  With 
the  sinking  of  the  body  into  tlie  yolk  (Plate  I.,  tigs.  2  and  3),  the 
pnrtH  which  in  Fishes  become  tbe  simple  dermal  yolknu-  (Rate  I., 
figH.  S  and  7)  fold  in  around  it  on  all  Hides  as  amniotic  folds,  and 
enolone  it  the  more  completely  the  deeper  it  sinks  into  the  yolk, 

The  preoedieg  account  o!  the  devcloptnenl  of  the  utmioo  is  made  Minie- 
wbnt  (chemnlic  in  a  single  poiot,  Tliat  is  to  saj,  the  anterior  folrl  of  Uiu 
amnion  is  developed  so  ear]?,  that  the  Duddle  germ-lAjer  baa  cot  jet  been 
able  to  spread  out  an  fat  an  the  anterior  part  of  the  embryonic  area.  The  iu- 
tolding,  therefore,  in  this  region  involves  only  the  outer  and  inni-r  genD-layers, 
which  are  still  closelj  united.  This  oondition  is  changed  somewhat  later. 
when  the  middle  germ-layer  has  grown  into  the  region  ot  the  anterior  fold  of 
the  smiiioii,  and  tax  there  split  iotoanaceralaQd  a  parietal  layer.  Tbeprocess 
b*s  Dot  yet  been  followed  out  in  detail  in  series  of  lon^tndinal  sections.  Dal 
at  all  events  we  most  aasume  that  the  eatoblast,  whioh  is  anitvd  with  the 
viM«ral  middle  layer,  retracts  from  tbe  anterior  fold  of  the  amnion  anil 
again  spreadsoatflat.as  is  represented  in  diagiainniatio  figure  U  (Plate  I.).  In 
this  manner  tbe  anterior  amniotic  fold,  which  in  the  meantime  has  become 
greatly  enlarged,  now  consists  of  the  ontct  germ-layer  ami  the  parietal  middle 
layer,  as  is  the  case  from  tbe  beginning;  with  the  snbsequentiy  arising  posterior 
and  lateral  fold.s  of  the  amniou. 


We  now  have  to  enter  still  more  pAiticularly  upon  the  fni-ther 
relations  of  amnion  and  serosa. 

Up  to  the  end  of  embryonic  development  the  amttiotic  siu:  remains 
in  continuity  with  a  small  region  on  the  ventral  aide  of  the  embryo, 
which  is  called  the  dermal  umbilicus.  In  figs,  3,  4,  5,  and  10 
(Plate  1.)  this  place  is  indicated  by  means  of  a  circulai'  line  (hn). 
Here  tbe  piimitive  layers  of  the  iMMly-wiill  are  ctintiniioiiB  with  the 
corresponding  layers  of  the  amniuti,  as,  for  instance,  the  epidermis  of 
tlie  body  with  an  e[iitlieliBt  layer  lining  the  amniotic  cavity.  The 
dermal  umbilicus  itf  i!eptile^  and  fiiiils  con-esponds  therefoie  with 
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the  structui-e  of  the  same  name  in  embryo  Fishes  (Plate  I.,  fig.  7  /«i), 
for  it  is  at  this  point  that  the  dermal  yolk-sac  is  continuous  by  means 
of  its  stem-like  elongation  with  the  walls  of  the  belly.  As  in  the 
Fishes,  it  sun-ounds  an  opening  (Plate  I.,  figs.  7  and  5  An)  which  unites 
the  portion  of  the  body-cavity  lying  within  the  embryo  {W)  with 
the  extra-embryonic  part  l3?ing  between  the  embryonic  membranes 
(UiPj.  Furthermore,  the  stalk  of  the  yolk-sac  or  vitelline  duct, 
which  is  continuous  with  the  embryonic  intestine,  and  which  is 
indicated  in  the  above-mentioned  figures  of  Plate  I.  by  the  small 
circle  dn,  passes  through  the  opening. 

The  amniotic  sac  affords  an  additional  special  advantage  to  the 
embryos  of  Eeptiles  and  Biixls  in  that  an  albuminous  saline  fluid,  the 
liquor  amnii,  collects  in  it«  cavity.  In  it  the  delicate,  easily  injured 
embryo  composed  of  plastic  cells  floats,  as  it  were,  and  is  able  to 
move. 

The  amniotic  sac  is  small  at  the  beginning  of  its  development,  but 
enlarges  with  each  day  of  incubation,  since  it  keeps  pace  with  the 
growth  of  the  embryo  and  encloses  a  larger  and  larger  amount  of 
amniotic  fluid. 

At  the  same  time  its  wall  Ix^comes  contractile.  Certain  cells  in  its 
somatic  mesoderm  develop  into  contractile  fibres,  which  in  the  Chick 
give  rise  to  rhythmic  movements  from  the  fifth  day  of  incubation 
onward.  One  can  observe  these  while  the  egg-shell  remains  intact, 
if  one  holds  the  (}g^  toward  a  source  of  bright  light,  and  for  this 
purpose  makes  use  of  the  obscoixj  constructed  by  Preyer.  In  this 
manner  it  can  be  determined  that  the  amnion  executes  about  ten 
contractions  in  a  minut<3,  which,  beginnmg  at  one  pole,  proceed  to 
the  opposite  end,  like  the  contractions  of  a  worm.  Thus  the  amniotic 
fluid  is  set  in  motion,  and  the  embryo  oscillates  or  rocks  regularly 
from  one  end  to  the  other.  The  rocking  of  the  embryo,  as  Preyer 
expresses  it,  l>ecomes  moi'e  and  more  obvious  in  the  latei*  days 
of  incubation,  since  the  contractions  of  the  amnion  become  more 
energetic. 

The  serosa  (S)  is  a  wholly  transparent,  easily  ruptured  membrane, 
which  is  closely  applied  to  the  vitelline  membrane.  It  consists  of  two 
thin  cell-layers,  which  take  their  origin  fi*om  the  outer  germ-layer 
and  the  parietal  middle  layer,  and  like  them  are  distinguished  by 
blue  and  red  lines  in  the  diagi-am.  The  serous  membrane  is  origin- 
ally present  as  a  separate  structure  only  in  the  i-egion  of  the  amnion 
and  of  the  embryo  (Plate  I.,  ^g.  4),  as  far  as  the  body-cavity  is  formed 
in  the  middle  germ-layer.    It  then  enlarges  to  the  same  extent  as  the 
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yolk  becoiDoa  overgrown  and  ax  the  vascular  nrea  extends  fnrther 
downwards,  Piirietnl  and  visceral  middk'  layers  separnte  more  and 
more  from  pacb  other,  until  finally  (iii  the  Chick  toward  tU«  pnd  of 
incubation)  a  separation  results  ovi-r  thi-  eiitu-e  peripliery  of  the  yolk- 
spher*".  Kiga.  3,  <,  and  5,  Plate  J.,  show  RtngiH  in  this  proceas.  In 
the  Itwt  figiiiT,  which  rcpiTscnl*  the  condition  on  ahont  the  seventh 
day  of  incubation,  the  extra-embryonic  part  of  the  body-cavity  has 
already  become  very  considerable  ;  the  serous  i-nwlope  is,  with  the 
exception  of  a  small  place  at  the  vegetative  pole  of  the  yolk,  everj-- 
wbere  forniwl  as  a  separate  atriit-tuj-p. 

In  connection  with  this  the  wall  of  the  yolk-sac  also  becomes 
changed.  Whereas  at  the  beginning  of  the  overgrowth  it  embraces 
for  a  considei-abte  distance  all  the  germ-layers,  after  the  separation 
of  the  serosa  it  in  composed  exclusively  of  entoderm  and  the  visceral 
middle  layer. 


Explanation  ( 


:  FiouBEs  ON  Plate  I. 


Figs.  1-G  are  cliHpmmmnlic  rpprewntnlicmsof  cross  and  longiludicnlsecliims 
through  the  Hen's  egp  at  liiflerpnt  stages  of  inunbation.  They  aro  fnt*ndH!  to 
illustrate  linw  the  bwlj  ot  tlid  CMck  in  developed  out  uf  tha  embryonio  fnnda- 
ment,  and  liuw  the  volk-»ac,  the  amnion,  the  seitiso,  and  the  nllnnlois  arise  out 
of  the  BXtra-eabrjonlc  area  of  the  germ-Uyeni. 

For  the  mkc  of  clenmetis  the  einbrjonic  funilament,  and  lati-r  the  embryo, 
are  represented  much  too  lari^  in  relation  to  the  yotk. 

In  order  more  easi!)'  to  distinguish  the  different  parts  from  one  another 
different  colore  bat-e  been  selected  for  them.  The  yolk  is  ropresenlad  In 
yellow,  the  entoderm  green,  the  outer  germ-lajGr  blue,  and  the  middle  germ- 
layer,  to(cethcr  with  the  mexeDeliyme,  red.  The  black  dota  indiuate  the  limit 
to  which  the  outer  and  inner  germ-layers  have  grown  over  the  yolk  iu  the 
different  Etoges ;  the  red  dots  mark  the  bauadary  for  the  time  being  of  the 
middle  germ-layer,  which  a(t«r  the  development  of  the  blood-vessel s  ends  in 
the  lioDS  tcnnimilis. 
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Fig.  1.—  OroM  secfimi  thrmtgh  a  Hen*»  egg  on  the  »ec(m4  day  qf  incubation. 

The  germ-layers  are  spread  out  flat  over  the  yolk ;  the  middle  one  is  less 
extensive  than  the  other  two.  The  first  blood-vessels  have  developed,  and 
terminate  with  the  marginal  vein  (jKt)  at  the  edge  of  the  middle  germ-layer. 
One  now  distingiiisheH  therefore  the  vascular  area,  which  extends  to  the  red 
dotted  line  (/rf),  and  external  \o  it  the  yolk-arca  {dh\  which  terminates  with 
the  black  ilottod  line  (»'r),  the  cnlgo  c»f  overgrowth  of  the  outer  and  inner 
germ-layers. 


Fig.  2. — CroM  section  throvgh  a  Hen'n  egg  on  the  third  day  of  intubation. 

The  outer  and  inner  germ-layers  are  sprea<l  out  over  half  of  the  yolk. 
The  yolk-area  (dh)  terminates  with  the  black  dotted  line  (wr),  the  edge  of 
overgrowth. 

The  middle  germ-layer,  with  the  vascular  area,  which  is  now  well  developed, 
has  also  grown  uver  the  yolk  as  far  as  the  line  gt  (the  sinus  terminalis).  In 
the  middle  jijerm-laycr  the  body-cavity  has  become  «1istinct  in  the  embrj'onic 
region  (W)  and  in  its  immeiiiate  vicinity  (M*),  the  {>arietal  (wA')  and  visceral 
middle  layers  (wA*)  having  separated  from  each  other. 

The  embryonic  fundament  begins  to  be  constricted  off  from  the  extra- 
embryonic part  by  a  process  of  folding  and  to  constitute  the  trunk.  The  lateral 
folds  (jf)  have  grown  downwards  for  a  certain  distance,  thus  giving  rise  to 
the  lateral  walls  of  the  trunk,  whereas  ventrally  the  body  is  still  open.  Corre- 
sponding to  these  lateral  folds  (»f)^  .the  lateral  intestinal  folds  (df)  have 
arisen  on  the  splanchnopleure,  and  bound  the  intestinal  groove  (jir). 

The  embryo  in  process  of  being  constricted  off  has  sunk  into  a  depression  of 
the  more  and  more  liquefied  yolk,  and  becomes  partly  enveloped  by  the  somato- 
pleure  of  the  extra-embryonic  area  of  the  germ-layers,  the  lateral  folds  of 
the  amnion  (af)  having  already  encircled  the  sides  of  the  cmbr>-onic  body. 


Fig.  3  shows  a   longitudinal  section  through  the  stage  represented  in  eross 

section  in  Jig.  2.     QTTiird  day  of  inc^ibation.) 

The  head-end  of  the  body  is  entirely  constricted  off  from  the  blastoderm. 
It  encloses  the  cephalic  portion  of  the  intestine  (Kopfdarmbohle).  The  tail- 
end  is  only  slightly  differentiated.  The  anterior  fold  of  the  amnion  (ra/)  has 
invested  the  head,  the  iK)sterior  fold  {haf)  the  tail  (cephalic  sheath,  caudal 
sheath). 

The  middle  of  the  trunk  is  still  wide  open  ventrally.  The  place  where 
the  body-wall  passes  over  into  the  folds  of  the  amnion,  and  which  is  indicated 
in  the  diagram  by  the  ring  /m,  is  called  the  dermal  umbilicus. 

The  splanchnopleure  has  become  closed  into  a  tube  anteriorly  and  pos- 
teriorly (the  ceplialic  and  pelvic  portions  of  the  intestinal  cavity) ;  in  the 
middle  the  tube  is  still  open  ventrally,  and  by  means  of  the  vitelline  duct  (dg) 
is  continuous  with  the  yolk-sac  (ds).  The  place  of  transition  indicated  by 
the  ring  dn  is  the  intestinal  umbilicus.  The  allantois  (aX)  gprows  out  as  a  small 
vesicle  from  the  ventral  wall  of  the  pelvic  portion  of  the  intestinal  cavity  into 
the  body-cavity  of  the  embryo. 
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Fig.  i.—Lcngitiutinai  »e 


titm  thrmtgh  a  Hen'*  rgu  at  the  heg^nnhig  of 
fifth  d»y. 


After  the  fiinioD  of  the  amniotii-  folds,  the  embrjo,  together  with  the  ai 
cAvlt;  (ii),  in  enveloped  in  the  amniotic  shc.  Tbc  seroas  raembrancfS)  bae  been 
ilcveloperl  from  Ihe  outer  layer  of  the  amniolio  fold».  Bj  further  Hcporatton 
of  the  middle  gorm-Uyers  the  eitra-ombryonic  part  of  the  body-cavitj  (iA") 
has  eulitr^ed,  and  the  &llanloiB  (oi)  has  grown  into  it. 

With  the  enception  of  a  third  of  its  aurfaca,  the  yolk  ha.i  hecome  ororgrown 
by  the  outer  and  Inner  gcmi-layera.  as  tar  as  the  line  ur.  The  vascular  area 
htu  extended  to  the  line  tt.  The  cephalic  portion  of  the  intestinal  cavity  hn-t 
opened  into  the  amniotic  cavity  by  means  of  tho  newly  arisen  mouth  (m). 


I 
I 


Fig.  6.-~-Limgi^Ulnal  wrfion  thravyh  a  Hen't  rgg  mtke  levcitth  day  iif 
inoiibatiim. 

By  the  enlargement  of  the  eitra-ombryonic  body-cavity  tho  serona  membtaite 
(««row)  has  entirely  separated  from  the  yolk-wo,  with  the  exception  of  a  small 
ares.  The  outer  and  the  inner  germ-lnyershave  now  grown  over  the  yolk  on  all 
aides :  the  middle  germ-layer  with  the  vasoniar  area  has  extended  tsrthsr 
downwards.  The  amniotic  cavity,  in  which  the  emhijo  Quals,  has  beoome 
mnoh  extended  by  the  increase  of  the  amniotio  fluid,  Tho  allantoln  has 
enlarged  considerably,  and  forms  a  sac.  which  connects  with  the  hind  gut 
by  means  of  a  narrow  stalk  (nrachus).  The  sac  extend.i  out  into  the  extra- 
embryonic body-cavity  between  amnion,  yolk-sac,  and  serous  membrane,  more 
particularly  on  the  right  siile  of  the  embryo. 


Fig.  G  repraient*  a  diagrarnvtatie 


ctioH  throuffk  an  embrtiii  Pith. 


The  doisal  part  is  ulreaily  tor  advanced  in  development  and  enclosen  the 
neural  tube  {ff),  tho  chonia  (ci),  the  aorta  (ao),  and  the  primitive  segmeota. 
The  ventral  side  is  greatly  distended  by  the  coDHiderable  yolk-mass  (<j}.  The 
latter  lie.t  in  an  cnlaigemetit  of  the  iatcstlDal  canal,  the  intestinal  yolk-sac ; 
this  is  separated  from  the  enlargcil  dermal  yolk-sac  by  means  of  a  narrow 
flssure,  the  body-cavity  {Ih). 


Fig.  T. — Diagramiitatic  UmgitHdinal  tectiim  through  a  Selaehum  mbrye. 

The  yolk-sac  has  been  partly  constricled  oS  fr6m  the  body  of  the  embryo  ; 
Ustlllremainsiuiiled  toils  ventral  side,  but  only  hymeansof  a  narrow  atalk((<), 
vrhioh  consists  of  two  tubes,  one  within  the  other,  the  ititestinal  stalk  (vitelline 
duct)  and  the  dermBl  stalk.  The  yolk-sac  oommunicates  with  the  embryonic 
intestinal  canal  by  means  of  the  vitelline  dact.  The  point  of  transition  is 
called  tie  intestinal  nmbilicQs  (in).  The  point  of  attachment  of  the  dermal 
■talk  to  the  belly  of  the  embryo  is  the  dermal  nmbilicuB  (An).  The  space 
between  dermal  and  intestinal  ttmbilicns  (An  and  dn)  serves  to  pnt  the  body 
cavity  of  Ihe  embryo  (_lk')  in  communicatiun  with  the  body-space  (lA*)  between 
the  dermal  and  intestinal  yolk-sacs. 
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Figfl.  8,  9,  10,  11. — JHagrammatio  eroti  and  longitudinal  seetiom  thrcmgh 

embryo  ChicltB  of  different  aget. 

Fig.  8. — Half  of  a  rrojtx  iwrtion  thrmigh  an  embryo  Chiek  of  two  fiaytt,  after 

K6LLIKKR. 

The  embryonic  bcxly,  in  which  the  neural  tube  (3^,  chorda  (rA),  primitive 
segment  with  its  cavity  (itjth),  primitive  aorta  (a4t),a.n(\  the  fundament  of  the 
primitive  kidney  (w»)  are  to  be  seen,  is  marke<l  off  from  the  extra-embryonic 
region  of  the  germ-layers  by  the  marginal  groove  (gr).  The  body-wall  begins 
to  be  developed,  owing  to  the  somatopleure  having  g^ven  rise  to  the  lateral  fold 
(|0»  tlie  ridge  of  which  is  directed  toward  the  yolk.  External  to  it  the  lateral 
fold  of  the  amnion  (taf)  rises  in  an  opposite  direction. 

Fig.  9. — Orots  section  of  an  embryo  Chick  at  the  beginning  of  the  third  day, 

after  KOllikeb. 

The  lateral  folds  (^sf)  have  grown  farther  dow^nward,  and  have  completed  the 
body-wall.  The  latenil  folds  of  the  amnion  (jaf)  likewise  have  risen  up  farther 
toward  the  back  of  the  embryo.  The  splanchnopleure  has  folded  in  to 
form  the  groove  dr.  The  dotted  line  hn  indicates  the  still  broad  dermal 
umbilicus,  the  line  dn  ttiat  of  the  intestinal  umbilicus. 

Fig.  10. — Crosx  section  through  the  trunk  of  a  five-days  embryo  Chick  in  the 

regivn  of  the  vnihilictti,  after  Remak. 

By  an  approximation  of  the  lateral  folds,  the  body-wall  has  been  completely 
formed  up  to  the  region  enclosed  by  the  line  hn,  in  which  the  body-cavity  still 
possesses  an  opening,  and  communicat.es  with  the  extra-embryonic  portion  of 
the  body-cavity.  At  the  line  hn^  the  dermal  umbilicus,  the  body-wall  bends 
over  into  the  folds  of  the  amnion  (af)^  which  have  grown  over  the  back  of  the 
embryo,  and  are  about  to  fuse  along  their  edges.  At  the  dermal  umbilicus 
(dn)  the  intestinal  tube  (d)  passes  over  into  the  yolk-sac,  which  is  not 
represented. 

Fig.  11. — Diagramviatic  UmgitAidival  section  through  an  embryo  Chick. 

The  head  is  already  fully  differentiated  from  the  blastoderm  by  the  process 
of  folding,  the  tail-portion  is  less  completely  sc^parated ;  the  former  encloses 
the  cephalic  portion  of  the  intestinal  ca\ity  (Jtd\  which  is  in  connection  with 
the  yolk-.sac  by  means  of  the  anterior  intestinal  portal  (v.dpf).  The  pelvic 
portion  of  the  intestinal  cavity,  which  shows  the  first  traces  of  the  allantois 
(ai),  communicates  backwards  and  above  with  the  neural  tube  by  means  of  the 
neurentcric  canal  (en),  and  towanl  the  yolk-sac  by  means  of  the  posterior 
intestinal  portal  (h.dpf).  The  head-end  is  alrea<ly  partly  ensheathed  by  the 
anterior  amniotic  fold  (vaf),  whereas  at  the  tail-end  the  posterior  amniotic  fold 
(haf)  is  just  beginning  to  be  elevated. 
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2.  The  AUantoia. 

While  the  «IPVPlu{iuifiit  of  ttip  iimnioii  i.s  Btill  going  on,  thpry  ia 
formed  iu  Rpptilis  ami  BinLs  iiii  eniliryoiiic  organ  ol  no  letw  import- 
ani*,  till-  al/aMoiji,  or  itrinaiy  sfti-.  It  ban  two  difl'creiit  fuiictionH 
to  jwi-forui  nt  the  nniue  time,  In  the  first  place  it  Hei'vi'8,  a.s  itn 
nnine  implieii,  for  the  reception  of  the  oxcretoi'y  pi-oiliictit  which  nro 
rufiiiii)ie<i  (luring  embryonic  life  by  the  IdJncy  nnd  pi'iniitive  kidney  ; 
nntl  secondly,  hy  virtue  of  the  nbuiidance  of  bloo<I -vessels  and  the 


rif.  U«.-IH*(r>Biinatie  lanfltudlD^  HcCion  thi 
Uh  Ua»  at  tha  fanutiiui  tt  th>  kUuUU,  nl 

Tb*MieUnD<iio<nUut  t)ienDuni.l  tube,  ^.r,  1> 
pi6,  pM.B.  bj  BiBMU  of  t)M  n»iirsnl«TiD  «iu 
tlia  prlinltiio  itnak.  jir.  vhluh  b  falded  arar 
I*,  nborda ;  ft,,  ooWdemi  (hjpoblsrt) ;  «I,  n 


u  pmUiim  end  with  thi  hind 
T  laix*  (hronf  h  Iha  nmiiu  of 
tnl  tUlft,  f/i,  Outer  irsnii-Ufu ; 
ilrjl*  g^nU'lAjor;  on,  tb*  |iatiit 


superficial  position  that  it  acquires,  it  is  the  moat  important  organ  of 
respitution. 

The  alUiitois  talteH  its  ori^n  from  tlm  posterior  portion  of  the 
hind  got,  which  ia  afterwards  designate<l  as  the  dooc-a,  and  in  tlie 
Chick  the  first,  tmcee  of  it  can  be  recognised  even  at  the  end  of 
the  second  day,  at  a  time  when  the  walls  of  the  hind  gut  are  tttUI 
in  the  process  of  formation.  It  Appejiri<  in  this  inRtance  an  a  small 
ctecnl  evagioation  (al)  on  the  anterior  wall  of  the  splaQChnopleure 
(Ay)  (fig.  128;  Plate  I.,  tig.  3  al). 

The  evagiu.ation  is  line<l  by  the  entoderm,  and  is  covered  exter- 
nally by  a  growth  of  the  splanchnic  mesodtirm.  It  enlargPM  rapidly 
into  a  vesicle,  which  grows  out  into  the  body-cavity  (Plate  I.,  tig,  4  al). 
At  the  name  time  the  blind  end  enlarges,  whereas  the  proximiil  part, 
where  it  passes  over  into  the  liind  gut,  Ijt comes  narrow  and  elongated 
into  a  hollow  »talk,  ihe  urinary  duct  or  nrachus. 
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On  the  fourth  day  the  urinary  sac  is  so  enlarged  that  it  can 
no  longer  find  room  in  the  embryonic  part  of  the  body-cavity,  and 
therefore  forces  itself  into  the  extra-embryonic  portion  of  it  between 
the  intestinal  and  dermal  jwrtions  of  the  umbilical  stalk  (Plate  T., 
r^g,  5  al),  Ifei-e  it  comes  into  the  space  between  the  yolk-sac  (ds)  and 
amnion  {A ) ;  then  it  comes  in  contact  with  the  inner  surface  of  the 
serosa  (S),  and  spreads  out  under  it  for  a  consi<lerable  distance  over 
the  right  side  of  the  enibiyonic  body. 


In  regard  to  tlie  aiihaequeni  fate  of  ilie  embryonic  membranes  in  the 
Chick,  it  is  to  be  noticed  that  up  to  the  middle  of  incubation,  «.«.,  up 
to  about  the  (4ov(^nth  day,  they  continue  to  develop  in  a  progressive 
direction,  but  that  from  this  time  onward  certain  regressive  processes 
(N>mm(»iice,  which  later  become  more  and  more  apparent. 

Til  tho  fii'st  j)eri<Ml  (fifth  to  eleventh  day)  the  following  changes 
an^  efTiHJl^xl  in  tlie  yolk-sac,  the  amnion,  the  allantois,  etc.  The 
vascular  area  spreads  out,  in  the  manner  before  described,  over  a 
greater  area  in  the  wall  of  the  yolk-sac,  which  still  retains  a 
considerable  size.  On  the  seventh  day  it  covers  about  two-thirds 
(Plate  I.,  fig.  5),  and  on  the  tenth  three-fourths  of  the  yolk-sac.  At 
the  same  time  the  marginal  vein  becomes  indistinct,  and  the  sharp 
separation  from  the  non-vascular  portion  ceases. 

The  conti»nt«  of  the  yolk-sac  have  become  fluid  by  chemical 
changes  of  the  yolk-mass.  The  serosa  (S)  is  raised  from  its  smface 
as  far  as  the  vascular  area  has  extended,  owing  to  the  enlargement 
of  the  (»xtra-embryonic  IxHly-cavity.  At  the  same  time  the  €iUanioia 
(Plate  1.,  fig.  5  al)  has  grown  into  the  intermeiliate  space.  This  has 
enlarged  so  much  by  the  tenth  day  that  it  leaves  uncovered  only  a 
small  iK>rtion  of  the  yolk-sac  and  amnion.  It  has  lost  still  more 
of  its  sac-like  character  ;  for  bt^tween  it«  outer  layer,  which  almost 
everywhere  is  closely  applitni  to  the  inner  surface  of  the  serosa,  and 
its  inner  layer,  adjoining  the  amnion  and  yolk-sac,  there  is  found  only 
an  insignificant  intermediate  sjmce  filled  with  urine. 

The  allantois,  moreover,  has  by  this  time  become  a  very  vascular 
organ  and  is  nounshed  by  the  umbilical  vessels,  which  will  engage 
our  attention  in  a  subsequent  chapter  devoted  to  the  vascular  system. 
The  network  of  bhxHi-vessels  is  densest  in  its  outer  layer,  which 
spreads  o\it  at  the  surface  of  the  egg  ;  it  serves  to  maintain  here  the 
processes  of  embryonic  respiration,  since  carbonic  acid  is  given  oflf  from 
the  superficially  circulating  blood  and  oxygen  is  taken  up.    The  latter 
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*  in  (wqiiired  in  part  dii-ectly  through  the  egg-shell  and  in  part  out  of 
r  cham)*!'  {fig.  8  u.cA)  situated  at  the  blunt  pole  of  the  egg, 
I  which  is  in  contart  with  n.  large  part  of  the  allantois. 

Finnlly,  in  iiddition    to  reHpiration,  the  nilantoin   «en*M  fur  thp 
I  resarplwn  of  itie  aUnmi'.n,  which  becomes  more  n.nd  more  thickenwi 
I  iliiriug  incmbation,  and  Mtrnprenserl  into  a  lump  at  the  jxiintcd  pole  of 
the  egg.     It  grows  over  the  albumen  and  envelops  it  in  a  sac,  the  epi- 
thelial surface  of  wliich  arose  from  the  serosa,  which  wni  evaginat«d 
at  the  same  time  with  thegroning  allantoin.     Tliere  are  developed  on 
the  inner  surface  of  the  ww  highly  vascular  villi,  which  sink  into  the 
Albumen,  and  have  been  described  an  a  placenta  bj-  Dutal,  who  has 
[  called  att«ntion  to  these  conditionN. 

The  air  cliainber  also  has  undergone  modificationa  during  incnba- 
[  tion,  iind,  at  the  aami>  time  with  the  Rtquixition  of  air,  has  increaxed 
1  SIM  liy  the  separation  of  the  two  layere  of  the  kIi  el  I -membrane  in 
{  which  il  is  enclowd  (fig.  »,  y.  17). 

UnaJly,  the  amnion,  which  ul  the  i*giiuiing  of  ilw  development  is 
I  rather  closely  applied  to  the  embryo,  has  eularged  and  iieinme  a  nav. 
I  (Flftt«  I.,  Gg.  6  A)  entirely  tilled  with  amniotic  fluid.  \t»  rhythmical 
[  contractions  already  described  become  most  active  and  pjwerful  on 
I  the  eighth  day,  and  from  that  time  forward  to  the  end  of  incubation 
[■  diminish  in  frequency  and  in  force, 

I  result  of  all  these  proces-ses  of  growth,  the  embryo  with  its 
[  appendages  now  demands  a  much  larger  »<pace  than  at  the  beginning 
I  of  incubation.  It  acquires  thia  in  the  following  manner.  The 
[  albumen  which  surrounds  the  yolk  diminiwhes  confuderably,  since  it 
L  disappears,  especially  its  lluid  [xirtion,  partly  by  evaporation  to  the 
exterior,  partly  also  by  resorption  on  the  part  of  the  embryo.  The 
vitelline  membrane  has  become  ruptured  by  the  enlargement. 

lu  the  second  period,  which  we  have  reckoned  from  the  eleventh 
,  to  the  twenty-first  day,  or  to  the  hatching  of  the  Chick,  rtlroffr^ssitv 
t.iHetamwj}hoses  are  most  prominent. 

These  assert  themselves  first  of  all  on  the  polk-9ac.  As  the  result 
I  of  the  vigorous  sucking  up  of  its  contents  it  becomes  more  and  more 
Lflaccid,  so  that  its  wall  begins  to  lie  in  folds.  It  now  Iwcomes 
I  entirely  separated  from  the  serosa,  since  the  extra-embryonic  body 
I  cavity  has  extended  all  around  it,  and  thereupon  it  is  drawn  closer  to 
I  the  wall  of  the  belly  by  the  shortening  of  the  umbilical  stalk.  On 
I  the  nineteenth  day  of  incubation  it  begins  to  slip  into  the  peritoneal 
^cavity  through  the  dermal  umbilicat,  which  has  now  become  very 
■,  whereby  it  takes  on  an  hour-ghijw  shaj*  during  it,*  passage 
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through  the  ventral  wall.     It  is  here  employed  to  help  in  the  closure 
of  the  intestinal  wall. 

The  amnion  undergoes  regression,  inasmuch  as  the  fluid  diminishes 
and  almost  entirely  disap|>ears,  until  the  membrane  is  again  closely 
applieii  to  the  iKxly  of  the  embryo.  The  albumen,  too,  is  almost 
entirely  consume<l.  The  allantois  alone  continues  to  increase,  and 
tinally  grows  around  so  completely  on  the  entire  inner  surface  of  the 
serosa  that  its  edges  come  together  and  fuse  with  one  another  into 
a  sac  entirely  enclosing  the  embryo  and  the  amnion.  It  adheres  so 
firmly  to  the  serosa  that  a  separation  is  no  longer  possible. 

The  urine  likewise  diminishes  toward  the  end  of  incubation,  and 
finally,  like  the  amniotic  fluid,  has  entirely  disappeared.  As  the 
result  of  this,  there  are  found  in  the  allantois  precipitates  of  uric 
salts,  which  become  more  and  more  abundant. 

Amnion  and  allantois  finally  undergo  complete  retrogressive  meta- 
morphoses. Inasmuch  as  the  Chick,  shortly  before  hatching,  breaks 
through  the  surrounding  membranes  with  its  bill,  it  begins  to  take 
in  directly  the  air  contained  in  the  air  chamber,  which  has  become 
larger.  A  result  of  this  is  that  the  circulation  in  the  allantois 
is  retarded  and  finally  ceases  altogether.  The  afferent  umbilical 
vessels  disappear.  Amnion  and  allantois  die  away,  dry  up,  and  then 
separate  from  the  dermal  umbilicus,  which  closes  on  the  last  day 
before  hatching,  and  when  the  Chick  leaves  the  egg-shell  they  are 
stripped  off  with  it  as  useless  remains. 

Summary. 

1.  In  Reptiles  and  Birds  the  embryo  during  its  development  sinks 
into  tlie  underlying  yolk,  which  has  become  liquefied,  and  becomes 
enveloped  by  folds  of  the  extra-embryonic  area  of  the  somatopleure, 
the  anterior,  posterior,  and  lateral  folds  of  the  amnion  (cephalic 
sheath,  caudal  sheatli,  lateral  sheaths). 

2.  As  the  result  of  the  folding  processes  two  sacs  arise  around 
the  embryonic  body,  the  amnion  and  the  serous  membrane  (serosa). 

3.  The  amnion  Ls  united  at  the  dermal  umbilicus  with  the  l)elly 
of  the  embryo. 

4.  The  dermal  umbilicus  encloses  an  opening  through  which  the 
embryonic  and  extra-embryonic  portions  of  the  lx)dy-cavity  are  in 
connection. 

5.  The  stalk  of  the  yolk-sac  passes  through  the  dermal  umbilicus 
in  order  to  attach  itself  to  the  intestine  at  the  intestinal  umbilicus. 


THE    FOTTAL    51EMUWASKS   OF   MAMMALS.  221 

6.  The  allantoiB  in  evaginatecl  from  the  ventral  wall  of  the 
posterioi-  tract  of  the  hind  gut  (cloaca),  gi-ows  a«  a  pedunculated  sao 
(1)  into  the  body-ciivity,  iind  (3)  througli  the  dermal  urobilicun  into 
the  extra-embryonic  part  of  the  aime,  extends  out  from  here  on 
all  sidee  between  the  amnion  and  Mei'osa,  and  by  virtue  of  its  great 
vascularity  functions  aa  an  organ  of  respiration. 

7.  At  the  end  of  embryonic  development  the  constantly  diminish- 
ing yolk-sac,  after  the  consiimption  of  the  yolk,  slips  through  the 
open  dermal  umhiliciui  into  the  body-cavity,  and  is  employed  in  the 
cloeure  of  the  intestinal  umbilicus. 

8.  Amnion,  HeroHa,  and  that  part  of  the  allantois  which  has 
grown  out  beyond  tlie  embryonic  body,  are  catft  off  as  useietii<  slruc- 
ttn-es  at  the  dermal  umbilicus,  which  becomes  closed. 


CHAPTEK    XII. 

TJf£  FOETAL  MBMBUAXES  OF  MAMMALS. 

Ik  their  early  stages  of  development  the  fratal  membranes  of 
Mammals  present  an  extrooi-dinai-y  correspondenee  with  those  of 
Reptiles  and  Bii-da  (fig.  1'29).  We  find  a  yolk-sac  (UV)  with  abun- 
dant capillaries,  an  amnion  (am),  a  ueroiia  membi'ane  or  aeroea  (k), 
and  an  allantois  (ALC) ;  we  find  that,  in  the  same  way  as  before, 
the  embryo  it!  developed  out  of  a  smitll  region  of  the  blustnla,  and  is 
oonstricted  off  in  the  same  way  fi-om  the  exti's-emhryonic  area,  with 
which  it  i-emains  united  only  by  mean^  of  a  dermal  and  intestinal 
yolk-stalk. 

The  correspondenee  becomes  a  striking  one  and  stimulates  to 
further  reflection,  when  we  take  into  consideration  that  the  develop- 
mental processes  ennmei'ated  are  primarily  evoked  by  means  of  the 
accumulation  of  yolk-material  in  the  eggs  of  Reptiles  and  Birds,  and 
that  the  eggs  of  most  Mammals  lack  almost  entirely  the  yolk,  are  of 
very  small  size,  undei'go  toUil  segmentation,  and  in  all  these  reepects 
resemble  more  the  eggs  of  Amphioxus. 

Why,  then,  does  the  mammalian  germ  nevertheless  undergo 
metamorphoses  which  in  other  cases  are  only  the  result  of  the 
accumulation  of  yolk  1  Why  is  there  developed  a  yolk-sac  that 
contaiuti  uo  yolk,  with  a  ^tem  of  blood-vessels  that  is  designed  for 
the  resoi-ption  of  yolk  1 


222  EMBBVOLoov. 

For  the  t'KplonatioQ  of  tLase  conditions  we  mnBt  have  t 
to  an  bypothesis  whicb  can  be  formulated  about  as  follows  ^— 1| 

Tfie  Mamiaalia  uaial  have  descended /rom  antiiutiv  whteA  p 
large  egge  with  abuTtdarU  yolk,  which  iOtre  oviparous,  and  in  wAtcA  ^ 
oorutqueTiUt/  the  eiiUiryonie  membranet  were  demdoped  in  the  tame  iixty    i 
aa  in  ReptiUs  and  Birde.      The  lass  qf  the  yolk-eontente  j'lvm  the  eggs  J 
of  these  animala  miul  have  been  a  euppletiieiUari/  eveiU,  which  began 
at  the  time  when  the  eggs  were  no  longer  deposited  outside,  but  ware 


Fit.  Itt.-DiacniB  sf  tha  total 


developed  in  the  uterus.  For  by  this  change  there  was  found  a  new 
and  more  productive,  bemuiie  unlimited,  source  of  nourishment  for  the 
developing  germ  iu  subatam-es  which  were  secreted  by  the  wiiUs  of  the 
nt«rus  from  the  maternal  blood.  There  was  therefoi-e  no  moi-t  need  of 
a  dower  of  yolk.  But  thi'  enveloping  sti-ucturee,  which  were  originally 
called  into  CKiBtence  by  the  pi-eeenee  of  yolk-contents  in  the  eggs, 
were  retained,  becutiso  they  were  Ktill  of  use  in  muny  other  relations, 
and  because,  through  a  change  of  function,  they  Iwcaine  suheervient 
to  uterine  jWtiriiihiiietU  and  corres-ixiudiugly  underwent  changes. 
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Three  facts  can  be  cited  in  (avour  of  thL-  hypothesis. 

lu  the  tirst  place,  in  the  lowest  classes  of  Mammals,  iis  in  the 
Monotremes  and  Marsupials,  the  eggs  are  larger  than  in  placental 
animals.  They  are  chivracterieed  by  a  large  quantity  of  yolk, 
which,  as  in  Ornithorhyncbus  for  instance,  is  deposited  in  closely 
oompacted  spheres  of  varying  size  and  fat-like  lustre.  In  this  par- 
ticular they  form  r  triiosition  to  the  eggs  of  Reptiles  and  Birds. 

Secondly,  it  has  been  observed  that  the  Monoti-emes,  the  lowei^t 
diviision  of  the  Mammalia,  are  oviparous,  like  Birds  and  Beptiles. 
Quite  recently  two  investigators,  Haacke  and  Caldwell,  have  mode 
the  interesting  discovery  that  Echidna  and  Oi-nithorbynchus,  instead 
of  giving  birth  to  living  young,  an  was  hitherto  awumed,  lay  eggs 
which  are  nearly  two  centimetres  in  diameter,  and  enveloped  in  a 
parclunent-like  shell,  and  which  they  carry  about  with  them  in  their 
brood- pouch  or  mammary  pocket. 

Thirdly,  the  fcrtal  membriines  of  Marsupials,  whicii  next  to  the 
Monotremes  are  to  be  considered  as  the  lowest  Mammals,  remain 
permanently  in  a  condition  which  corresponds  to  that  ot  Reptiles 
and  Birds,  although  the  development  takes  place  in  the  uterus.  Afi 
we  know  through  Owen,  the  embryo,  which  is  enclosed  in  a  capacious 
amnion,  posseeses  a  very  large  vaactilar  yolk-sac,  which  extends  out  to 
the  sei'Osa,  and  in  addition  a  ^mall  allantois  and  a  serosa.  The  latter 
lies  closely  applied  to  the  walls  of  the  uterus,  but  without  being 
intimately  united  with  it.  Probably,  therefoi*,  after  resoiption  of 
the  yolk,  substances  which  have  been  secreted  by  the  uterus  are 
taken  up  by  the  blood-capillaries  ot  the  yolk-sac  Thus  li  kind  of 
intra-uterine  putrition  begins  to  be  established  in  the  Marsupials; 
but  othei'wise  the  embryo  with  its  envelopes  lies  in  the  cavity  of  the 
nt«rus,  like  the  Avian  or  Reptilian  embryo  with  its  membranes  in 
the  firm  egg-iihell. 

Having  established  the  hypothesis,  already  e.\pressed  by  various 
authors,  that  the  eggs  of  Mammals  must  originally  have  contained 
more  yolk,  let  us  turn  to  a  more  exact  description  of  the  fu'tal 
membranes.  As  regards  the  lirst  stages  of  development,  let  us  begin 
with  the  Rabbit,  lieciiiise  its  embryology  has  been  the  most  thoroughly 
investigattii ;  then,  in  ordei-  to  facilitate  our  iinderstanding  of  the 
structure  of  the  human  placenta,  we  shall  show  in  a  brief  sketch  how, 
in  the  clasH  of  Muuinialia,  in  various  ways  more  intimate  anatomical 
and  physiological  relations  are  developed  between  the  mucous  mem- 
brane of  the  uterus  and  the  embrjoiiic  membranes.  We  shall  treat 
of  the  frctal  mt'mbranes  of  Man  in  a  special  chaptei'. 
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When,  in  the  Babbit,  the  ovum,  which  has  reached  the  utoruB, 
baa  here  become  metamorphosed  into  the  blastula  already  described, 
it  is  stUl  enveloped  by  the  zona  pellucida.  This  in  the  meanwhile 
bae  been  distended  into  a  thin  pellicle  (procborion),  which  b  subse- 
quently dextroyed. 

The  blastnla,  or  blastodermic  vesicle,  expands  rapidly,  and  from 


the  fifth  to  the  seventh  day  grows  from  15  mm.  to  £ 


a  diameter. 
In  consequence 
oE  this  increase 
in  size  the  pro- 
cborion on  the 
seventh  and 
eighth  days  is 
so  closely  ap- 
plied to  the  in- 
ner surface  of 
the  uterus  that 
it  becomes  more 
and  mora  dii£- 
cnlt,  and  finally 
impoteible,  to 
detach  the  eggs 
without  in  JU17. 
For  by  the  rup- 
tnring  of    the 


which  adheres 
to  the  walls  of 
the  uterus,  the 
delicate  blas- 
tula,  which  is 
in  close  contact 
with  it,  geiienilly  becomes  injured  and  torn  open,  and  thereupon 
collapses,  owing  to  the  escape  of  its  contents.  The  latter  have  also 
suffered  changes  which  make  the  investigation  more  difficult,  having 
increased  in  consistency  until  they  equal  in  density  the  albumen 
of  the  Hen's  egg. 

During  the  proce.>4j  of  attaching  itself,  the  embryonic  fundament, 
which  at  first  is  i-ounH,  increases  in  size  and  takes  on  a  mora  elon- 
gated form.  On  the  seventh  day  it  becomes  oval  (fig.  130  ag),  then 
pear-shaped,  and  on  theeighth  day  acquires  a  moi'e  and  more  marked 
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Krie-like  form;  meanwhile  it  grows  to  a  length  of  about  3'5  mm. 
(fig.  131). 

Ab  hua  been  already  described  in  the  previous  chapter,  at  this 
time  the  middle  gorm-liyer  spreads  out  in  the  embryonic  fundament, 
the  medullary  groove  (figs.  130  and  131  r/),  the  chorda,  and  u 
number  of  primitive  segments  are  formed, 
and,  on  the  eighth  day,  the  first  trace  of 
the  vessels  and  blood  appears  in  the  vas- 
cular area  (u).  On  the  ninth  and  tenth 
dayii  the  embryonic  ftmdoment  is  by  a 
process  of  folding  converted  into  the  body 
of  the  embiyo,  and  is  coostricteil  off  from 
the  remaining  part  of  the  blaatoUermic 
ve^cle,  out  of  which  at  the  eame  time 
various  fietal  membranee  begin  tu  be  de- 
veloped. The  initial  stages  of  all  these 
proceiiseH  are  the  same  in  Mammals  as  in 
Birds  and  Beptiles,  so  that  we  can  express 
otiwelves  very  briefly  in  describing  them. 
We  sliall  connect  the  description  with  the 
diagrammatic  drawings  which  KUlliker 
hoj)  made,  and  which  have  found  a  place 
in  many  text-books  (fig,  132,  1-6). 

Diagram  1  shows  a  bla«todei'mic  vesicle 
which  in  the  Kabbit  would  correspond  to 
about  the  seventh  or  eiglith  day. 
still  enclosed  from  without  by  the  very 
much  attenuated  vitelline  membrane  (d), 
which  is  now  also  called  prochorion,  since      ip,ArM|><.iJuddji;™,ii™iop«i»; 

'  A',  ft",  k  ,  medullmiT  pUto  m 

in  many  Mammals  finkes  and  shreds  of        u,,  t^od  of  tht  Bnt,  Kcond, 
albumen    have  Ijeen    precipitated   on  its        !^'"'"'t'*wwni^ttO^' ii-'' 
outer  surface  out  of  the  fluid  secreted  by        pu-imsiuiwir/.dumirunoxi 
the  mucous  membrane  of  the  ntorus.    The        '''  i"^'"'*'"  *  ""'• 
inner  germ-layer  (i)^which  in  a  slightly 

younger  blastnla,  such  as  is  repi-esented  in  figure  62  B,  reaches  only 
to  the  line  ge,  and  still  leaves  uncovered  a  third  of  the  inner  surface 
^..tbe  aphei* — has  now  entirely  gi-own  around  to  the  vegetative  pole, 
riniddle  germ-layor  {m)  is  in  full  process  of  development,  and 
about  a  fourth  partr  ot  the  surface  of  the  sphere,  A  small 
of  this  three-layered  i-egion  contains  the  embryonic  fundament, 
which  would  be  in  about  that  sUge  of  development  which  we  have 
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Pif  132.  -  Five  diagrumnatio  flgai«t  illuatntinf  the  doTelopment  of  the  festal  •fg-membmiM 

of  a  Kamautl,  after  Kollikkr. 
In  flKurw  1  ti>  4  the  enibryu  is  represented  in  longitudinal  Mention. 

(1)  Ovum  with  zona  iK'lluoida,  bloHtiiki,  embryonic  area,  and  erobryoiuc  fondament. 

(2)  Ovum  in  which  tlie  yoIk-Mic  and  the  amnion  are  beginning  to  develop. 

(3)  Ovum  in  which,  by  the  fiuion  of  the  amniotic  folds,  the  amniotic  sac  and  the  seroni  mem- 
brane are  furmod,  and  the  allantoic  makcH  itA  ai)i)earauce. 

(4)  Ovum  with  m-touh  membrane,  which  h:w  developed  villi,  with  a  largo  allantois  and  an 
embryo,  in  w  hich  the  oral  and  anal  openingH  hu\-e  arisen. 

(5)  Diagrammatic  vepre«entation  of  a  young  liumau  ovum,  in  which  the  vascular  layer  of  the 

allantois  has  become  api)lied  to  tlie  bcroiu  membrane  on  all  sides,  and  has  grown  into  its 
villi.    The  serous  membrane  from  thin  time  forward  takes  the  name  of  chorion.    The  oarity 
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before  iis  in  the  surface-view  in  figure  130.  It  is  ovate,  iind  shows 
the  primitive  utreak  (pr)  in  the  poeterior  half,  and  in  fi-ont  of  it  u 
deep  doi'Bal  fiiirow  (r/) ;  the  extra-em  bi-yoiiic  pHit  of  the  middle 
,  germ-lajrer  can  be  ileeugnated  as  the  vuscular  area  (o),  since  the  finit 
truces  of  the  formation  of  the  vesMibt  and  the  btood  are  noticeable 
in  it. 

In  the  much  further  Uevel<tpe<l  embryo  figin'ed  in  diagram  2  {at 
about  the  ninth  day  in  the  Rabbit)  Lhtj  middle  germ-layer  has  spread 
oat  over  itbout  the  third  part  of  the  blastula,  and  now  enclases  an 
eftidly  distinguishable  body-cavity,  since  the  parietal  and  viscei-al 
middle  layers  have  separated  from  each  other  in  the  embryonic 
as  well  B.S  extra-embryonic  regions.  It  extends  as  far  as  the  place 
marked  st,  where  the  sinus  terminalis  is  found  as  the  outer  limit  of 
the  now  dearly  defined  vascular  area. 

The  embryonic  fundauit^'nt  is  in  the  act  oF  being  constricted  off  from 
the  blastodermic  vesicle.  The  head-  and  tail-endi>  of  the  embryo,  by 
foldings  of  the  separate  layers,  have  been  elevated  from  the  area 
pellucida  in  the  same  wny  as  in  the  Oliick.  As  there,  a  cephalic 
and  pelvic  part  of  the  intestinal  tract  (foi-e  and  hind  gut)  U&ve 
arisen,  with  an  anterior  and  posterior  inteatinul  poi-tal,  which  open 
toward  the  cavity  of  the  blastodermic  vesicle. 

At  the  same  time  occurs  the  development  of  the  amnion,  which 
was  first  recognised  in  the  Mammalia  by  Baeh  and  Bischocf.  On  the 
diagrammatic  section  one  sees  that  the  extra-embryonic  body-cavity 
has  become  very  capacious,  in  that  the  outer  germ-layer  with  the 
closely  applied  parietal  middle  layer  has  risen  up  iu  the  vicinity  of 
the  embryo  and  formed  itself  into  the  folds  ks  and  se.  The  anterior 
fold  of  the  amnion  (is)  has  bent  over  the  head,  and  the  pasteiior 
fold  («)  over  the  taU.  The  two  sheaths  lie  so  close  to  the  embryo 
in  the  Mammalia,  that  iu  looking  fi-om  the  surface  they  are  not 
easily  recognised,  especially  as  they  are  extraoi'dinarily  transparent. 

On  the  third  diagram  the  amniotic  folds  have  greatly  enlarged,  and 
have  grown  toward  each  other  over  the  iiack  of  the  embryo  till  their 


IwlJaoliU] ;  if,  tltli 


d  pvl  at  ths  bodj-MVlly,  ( 
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edges  are  in  mutual  contact.  The  closure  of  the  Bac  takes  place  in 
a  somewhat  different  maimer  from  that  of  the  Chick.  Instead  of 
meeting  in  a  longitudinal  suture,  the  edges  of  the  amniotic  folds 
meet,  in  the  Kabbit  at  least,  approximately  in  the  middle  of  the  back 
in  a  small  spot,  where  for  a  considerable  time  a  circular  opening  in 
the  sac  is  retained.  The  outer  layer  of  the  amniotic  fold,  which  in 
diagram  3  is  still  in  connection  with  the  amniotic  sac  at  the  point  of 
fusion,  but  which  later  entirely  separates  from  it,  represents,  as  in 
the  Chick,  the  serosa.  It  first  appears  as  an  independent  structure 
in  the  vicinity  of  the  embryo,  whereas  farther  downwards  it  is  still 
firmly  united  with  the  entoblast,  and  together  with  it  constitutes  the 
wall  of  the  original  blastula,  which  is  here  only  two-layered. 

In  the  third  diagram,  furthermore,  we  can  i*ecognise  the  first 
trace  of  the  allaiitois  (rt/),  which  grows  out  from  the  anterior 
wall  of  the  hind  gut  in  the  manner  already  desciibed  (p.  217),  and 
which  in  the  Rabbit  is  seen  as  early  as  the  ninth  day  in  the  form  of 
a  small,  pedunculated,  exceedingly  vascular  sac. 

The  fourth  diagram  shows  the  development  of  the  foetal  membranes 
much  further  advanceil.  The  prochorion  ha«  become  ruptured  by 
the  distension  of  the  entire  blastodermic  vesicle,  and  is  no  longer 
recognisable  a.s  a  separate  membrane.  What  we  see  on  the  outside 
is  the  serosa,  which  has  been  changed  in  a  striking  manner.  In  the 
first  place,  it  h&s  become  completely  detached  from  the  amnion ; 
however,  it  should  be  remarked  in  this  connection  that  in  certain 
Mammals,  and  especially  in  Man,  a  stalk  uniting  the  two  membranes 
is  retained  for  a  considerable  time  at  the  amniotic  suture.  Secondly, 
the  serosa  is  eveiywhere  separated  from  the  yolk-sac,  and  loosely 
surrounds  the  embryo  and  its  remaining  membranes  as  a  thin  sac. 
Tliis  condition  has  been  brought  about  in  the  following  manner :  the 
middle  germ-layer,  which  in  diagram  3  had  grown  over  only  one  half 
of  the  original  blastula,  has  now  spread  over  the  other  half  also,  and 
hjis  become  divided  into  its  two  layers.  By  this  means  the  extra- 
embryonic pai-t  of  the  bhistula  is  now  completely  split,  as  in  the  Chick, 
into  an  outer  sac,  the  serosa,  and  the  yolk-sac,  separated  from  it 
only  by  the  body-cavity. 

Moreover,  there  exist  in  this  resj)ect  difierences  among  the 
Mammalia,  since  in  some  the  sei'osa  remains  to  a  greater  or  less 
extent  permanently  united  with  the  yolk-sac.  This  is  the  case,  for 
example,  in  the  Rabbit. 

In  the  Rabbit,  in  which  the  yolk-.^ac  at  first  fills  the  greater  part  of  the 
blastcxlcrmic  vesicle,  the  middle  germ-layer  bpreads  out  over  that  half  of  the 
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I  Tolk-sna  tndy  which  is  turned  toward  Ihc  embryo.  Thsre  is  developed  in  it 
1  «  17916111  of  capilUriM.  which  endn  ahmplly  inn  mnrginitl  vein.  The  other 
I  hA]f  nt  rh»}-olk-iU|(^  19  vrithoat  vpssels,  ui'l  19  I'verj^bere  flruily  uoited  with  the 
WlioH,  after  the  resiorpiion  of  its  oontentR,  the  jnlk-sac  ooninieiicea  to 
I  ebrivel.  it  begins  tii  take  on  a  mnsliroom-Iike  form  (fig.  laS  d*\  owing  to  tho 
.  Inl'liniiE  in  of  the  ta-wiilnr  half  (/d)  against  the  no'h-vnwulnr  part  (M"i.  which 
I  in  runcdwirli  thu  serow  (*A).  [r  rr^nirthiH  iiniie.l  wiili  Hie  timhilirus  of  Ihe 
[  ■  ambryo  by  means  of  nn  elo[i- 
I  gkted    intestinikl    slaik     (ur  ^,. 

1  ^tellitie  dact).  which  is  eooi- 
I  famble  to  the  stalk  of  the 
[  miuhroom. 

Bp«:e  (c)  wliioh  La 
I  produced  in  the  blastodermic 
I  Tcriole  by  the  shrinking  of 
I  tbo  yolk'Xac  does  not  beoome 
[   filled  out   bv   ooiDpensaling 

growths  of  the  nmaion  (a.) 
I  knd  alUntuis  (itt),  botli  •■( 
I  which  remain  small.  Thera. 
[  tore  a  large  amount  of  fluid 
I  colleots  between  the  sepamte 
I  fot&l  membranes.  The  space 
]  filled  with  fluid  is  Dime  other 
a  the  Gxtra-cmbrjonlc  port 
'  «f  the  body-ra»ity.  which  in 

the  Rabbit,  as  in   no   othor 

Mammal,  is  bif;bly  develnpeii. 

The  allaDtoia  (of)  hang;!  freely 

in   this   spaoe   aa  a   stalked 

vwicle,  ft  part  of  its  (cnrface 
[  bavlng  applied  Itself  to  tlisl 
L  portion  of  the  seroHa  (f/i) 
I  which  is  not  united  with  tht- 
I  jolk-sac,  nn'l  which  is  cironni- 
1  aoribed  by  the  ilnua  termi- 
laalis  (ay.  it  is  gradaally 
I  metamorphOBed  into  an  orgnn  of 
I  Inasmach  as  it  receives  a  rich  s 
I  aUantoia,  the  umbilical  veraels. 

Kubseqnently  the  reronining  surface  ot  the  blastodermic  vesicle,  over  which 
P  the  nmbtlical  Tessels  do  not  extend,  also  becomes  vascular.  This  is  due  to  the 
I  fact  that  the  albumiuous  fluid  still  contained  in  the  mnshroom-Ube  yolk-sac 
■s  entirely  absorbed,  and  that  consequently  its  outer  non-vascular  and 
^  Inner,  inrnginated  vascular  walls  oome  to  lie  oa  each  other  and  to  fuse  into 
'   a  single  membrane.     In  this  manner  the  blastodermic  vesicle  in  the  Rabbit 

becomes  proTided  with  blood  on  its  entire  sarface,  but  from  two  different 

sides — the  placental  portion  from  the  vessels  of  the  allantois,  and  the  larger 

part  of  the  surface  from  the  degenerating  vitelline  vessels. 

In  regard  to  the  formation  of  the  amnion  in  the  Rabbit,  upon  which  VAN 

Bbneden  et  Julin  have  made  very  thorough  investigations,  it  is  to  be  added 


rulk-mr 


for  the  embryo,  the  placenta  (pi)i 
pply  of  blood  through  the  veasL-is  i<t  the 
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that  the  middle  germ-layer  is  wanting  in  the  region  of  the  anterior  amniotic  fold 
to  a  greater  degree  in  this  case  than  in  the  Chick.  The  anterior  amniotic  fold 
therefore  consists  during  a  considerable  period  of  only  the  two  primitive  germ- 
layers,  closely  joined  together,  van  Beneden  lias  therefore  given  to  the 
cephalic  sheath,  as  long  as  the  inner  germ-layer  takes  i"»art.  in  it,s  formation, 
the  name  of  proamnion.  liater  on,  however,  a  separation  «)f  the  amnion  from 
the  entohlast  takes  place  also  in  tl>c  head-region  in  the  Ilabhit. 


Filially,  in  our  fourth  diagram,  still  a  third  change  has  appeare<l  in 
the  serosa.  By  rapid  growth  of  the  epitheliuni  large  numbers  ot 
small  evaginations  or  villi  liave  arisen  on  its  out^r  surface.  On  this 
account  the  name  of  diorion  or  villous  Uiyer  has  been  applied  to  it 
when  these  changes  have  been  completed.  It  should  also  be  added 
here  that  in  the  development  of  the  villi  uniformity  among  all  Mammals 
by  no  means  prevail^.  In  the  lowest  orders  (Monotremes,  Marsupials) 
the  surface  of  the  blastodermic  vesicle  remains  almost  smooth,  as  in 
Reptiles  and  Birds.  In  them,  therefore,  the  serosa  is  pennanently 
retained  during  embryonic  life,  whereas  in  other  Mammalia  it  is 
transformed  into  a  villous  membrane.  By  reason  of  these  differences 
K6LLIKER  ha.s  divided  Mammals  into  Mammalia  achoria  and 
Mammalia  clioriata. 

On  the  other  embryonic  membranes  of  tig.  132,  4,  it  is  principally 
changes  in  size  only  that  have  been  effected.  Tlie  yolk-sac  (ds),  over 
the  entire  surface  of  which  the  vitelline  vessels  now  spread,  has 
become  considerably  smaller,  and  is  continuous  with  the  embryonic 
intestine  by  means  of  a  long  slender  stalk,  the  vitelline  duct  (dg). 
The  amniotic  sac  {am)  has  already  enlarged  and  is  filled  with  fluid, 
the  liquor  amnii.  Its  walls  are  continuous  at  the  umbilicus  with 
the  ventral  wall  of  the  embryo.  The  allantois  {at)  has  become  a 
vascular  pear-shaped  sac,  which  has  grown  out  between  the  dermal 
stalk  and  umbilicus  into  the  extra-embryonic  part  of  the  body-cavity, 
and  soon  after  I'eaches  the  st»i*0Ra. 

The  accurate  repre«;entation  of  an  embryo  Dog  of  twenty-five  days 
{fig.  134)  affords  us,  better  than  the  diagram  (fig.  132,  4),  a  view  of 
the  connection  of  the  two  vascular  sacs,  the  allantois  and  yolk-sac, 
with  the  intestinal  canal. 

The  embzyo  is  removed  from  the  chorion  and  amnion.  The 
ventral  belly- wall  is  partly  removed,  and  thereby  the  dermal  um- 
bilicus, which  about  this  time  has  become  rather  narrow,  has  been 
destroyed.  The  intestinal  canal,  now  to  be  seen  in  its  entire  length, 
is  already  converted  throughout  into  a  tube  {d)  ;  near  its  middle  it  is 
continuous,  by  means  of  a  short  vitelline  duct,  with  the  yolk-sac  (ds). 
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,  wfaich  was  cut  open  in  the  process  of  prepanition.  The  allantoia  (al) 
is  attached  to  the  very  end  of  the  intestinal  rnnsl  by  means  of  the 
ntt«ii<mt«d  Hijilk-like  iiiiiehns. 

Up  to  this  st-Hgf  the  cfirivsqKindeni*  in  the  developuient  of  I  he  embry- 
ifiif  momhranen  in  ManmialH,  Ilirds,  and  Reptiles  in  elinii-.  Hut  from 
now  on  tlie  courae  of  iU>veIopmoiit  in  the  Alnminalia  heoome«  moi-e 
and  more  "iiferr;pnt,  sinci>  nn^  portion,  of  (lie  eiiibi'i/onie  inemliraiii'i' 


Pif .  IH.— XmbiTO  Dgg  et  K  dayi. 


ywimim  appaihJjiefi ;  K, 


tlfjUtOTJ  pLt. 


I  enUrg  into  doaer  relation  with  the  mucctu  membrane  of  the  utetua, 
I  and  it  thtis  eonvtrted  into  an  ofyan  of  nutrition  for  the  embri/o.  In 
I  this  manner  a  compen»(tion  is  provided  for  the  loss  of  the  yolk. 

The  int«resting  adaptations  for  mti's-uterine  nutrition — they  have 
been  atuiUed  eapeoially  by  tlie  English  anatomist  TtiBNBK  in  a 
seriee  of  profound  (•lunparative-embryolojjical  works — present  I'ery 
great  dilTerences  in  the  separate  ordem  of  Mammalia :  sometimes 
they  are  of  n  simple   kind,  at   other   times   they   are   more  com- 
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plicated  organs,  which  have  been  designated  as  the  after-birth,  or 
placenta.  Since  a  knowledge  of  them  will  facilitate  our  compre- 
hension of  the  human  placenta,  we  shall  consider  them  somewhat  at 
length. 

It  is  moat  expedient  to  diatinyuiah  Vtree  different  modifications  in  the 
way  in  whicfh  the  a^irface  of  Vie  hlastodei*mic  vesicle  comes  into  relation 
with  tlie  mucmis  membrane  of  ike  xUerxia^  ami  accordingly  to  divide  the 
Mammala  into  ttiree  groupa. 

In  one  the  serosa  is  retained  nearly  in  its  simple  primitive  condition, 

In  the  second  it  is  transformed  into  a  viUous  layer  or  chorion,  and 

In  the  third  apUicenta  arises  out  of  one  or  more  portions  of  the  chorion. 

To  the  Jirst  group  belong,  among  the  Mammalia,  only  the  Mono- 
tremes  and  the  Marsupials,  whose  embryonic  membranes  are  in  the 
main  constituted  like  those  of  Birds  and  Reptiles.  Ordinarily  in  the 
Marsupials  the  serosa  retains  its  smooth  surface.  Inasmuch  as  it 
lies  in  close  contact  with  the  vascular  mucous  membrane  of  the  uterus, 
it  can  absorb  nourisliment  from  the  latter  and  transmit  it  to  the 
deeper-lying  embryonic  parts. 

In  the  second  group  of  Mammals  an  improvement  in  the  intra- 
uterine noiu*ishment  is  effected  by  important  changes  in  the  organisa- 
tion of  the  serosa,  which  is  converted  into  a  villous  layer  or  chorion. 

In  the  first  place,  it  is  provided  with  blood-vessels  by  the  allantois, 
which  grows  out  into  contact  with  it,  and  whose  connective-tissue 
layer,  containing  the  ramifications  of  the  umbilical  vessels,  grows 
over  its  entire  inner  surface. 

Secondly,  the  epithelial  membrane  begins  to  grow  out  into  folds 
and  \'illi,  into  which  there  soon  penetrate  vascular  outgrowths  of  the 
connective-tissue  layer.  By  this  process  a  larger  resorbing  surface 
Is  provided. 

Thirdly,  the  mucous  membrane  of  the  uterus  and  the  chorion 
unite  more  intimately  and  firmly  with  each  other,  while  the  former 
also  increases  its  surface  and  acquires  pits  and  depressions  into  which 
the  processes  of  the  latter  penetrate. 

All  these  changes  have  simply  the  purpose  of  facilitating  and 
rendering  more  perfect  the  interchange  of  materials  between  the 
tissues  of  the  mother  and  those  of  the  ofi^spring. 

We  meet  with  membranes  thus  constituted  in  the  Suidse,  the 
Perissodactyla,  Hippopotamidie,  Tylopoda,  Tragulidae,  Sirenia,  and 
Cetacea.  In  the  Pig,  which  shall  serve  as  an  example,  the  blasto- 
dermic vesicle,  in  adaptation  to  the  form  of  the  uterus,  is  transformed 
into  a  spindle-shaped  sac.     The  inner  embryonic  appendages,  the 
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yolk-sac  and  allantois,  are  also  dravm  out  in  the  same  manner  into 
two  long  tHpering  ends. 

On  the  entire  siirfiwp  of  the  chorion,  with  the  exception  of  the 
two  ends  of  the  sac,  thera  have  ftrisen  rows  of  very  Vftaciilar  pads, 
which  ra^Iiate  from  separate  itmooth  round  spots  of  tlie  niemhi'ine, 
and  are  covered  at  their  edge-i  witli  small  simple  papilW.  The 
mucous  membmne  of  the  uterus  is  exactly  fitted  into  the  elevatiouK 
luid  depreBsionH  of  the  chorion.  Tliem  are  also  found  on  it  circidar 
smooth  phtces  similar  to  those  of  the  chorion,  which  are  fiu-ther 
noteworthy  fiwm  the  fact  that  it  is  only  on  them  that  the  tubular 
uterine  glands  open  out.  At  bbth  the  interlocking  surfaces  of 
contact  separate  from  each  other  without  any  loss  of  substance  on 
the  part  of  the  niucouH  membrane  of  the  uterus  ;  for  the  pads  and 
small  pnpillie  are  easily  withdrawn  from  the  dfpressioDH  which  servo 
for  their  reception. 

In  the  iJiiifl  i/rmip  a  special  organ,  the  placenta,  or  after-birth, 
has  been  developed  for  the  purpose  of  intra-uterine  nutrition.  Its 
origin  waj<  brought  about  by  separate  portions  of  the  chorion  having 
lUBumed  diDerent  characters,  owing  to  the  unequal  size  and  distri- 
bution of  the  \-illi. 

One  part  exhibits  a  condition  in  which  the  villi  are  entirely  gone 
or  much  stunted,  so  that  the  surface  of  the  membrane  feels  smooth  ; 
moreover,  it  pos.'iessGe  few  blood-vessels  or  is  entii'ely  destitute  of  them. 

Another  part  of  the  chorion  contains,  closely  packed  together,  villi 
which  are  extremely  long  and  covered  with  many  ramifying  lateral 
brancheti ;  furthermore,  it  receives  large  blood-vessels,  which  approach 
the  tufts  of  \'illi  and  distribute  their  terminal  capillaries  to  the  finest 
lateral  ramifications  of  the  latter ;  finally,  it  has  entered  into  the 
most  intimate  i-elations  with  the  mucous  membrane  of  the  uterus. 
■Whei-ever  the  latter  comes  in  contact  with  the  tufts  of  villi  it 
is  much  thickened,  very  vascular,  and  in  a  state  of  active  growth. 
It  encloses  numerous  branched  cavities  of  varying  siEe,  into  which 
the  villi  of  the  chorion  exactly  fit. 

The  entire  structure  is  called  a  placenta,  in  which  tic  part  of  tlm 
chorion  which  ii  covered  icith  villi  i»  dittingrtished  a»  the  placmitn 
ytetoHt,  and  the  port  of  the  mtuiMig  mimhrane  of  the  ulerm  lohieh  ia 
united  toiUt  and  adapted  to  the  latter  aa  the  placenta  vierina.  Both 
ports  together  constitute  an  organ  for  the  nutrition  of  the  embryo. 

The  term  placenta  has  often  been  extended  to  the  kind  of  chorion 
which  L-j  evenly  covered  with  small  rilJi,  such  as  exists  in  the 
Snidte,  etc.,  and  the  designation  of  diffuse  placenta  has  been  created 
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correspoDding  thickeningH  oF  the  uteriue  mucouR  membrfuie,  the 
pirtcenbe  uterintp  (C),  though  only  iu  a  loose  manner,  no  that  a  little 
pulling  is  sufficient  to  p["odu<e  a  Kepanition,  and  to  draw  the  cliorionic 
%-illi  out  of  the  depie-'sions  ivhich  servo  for  their  i-m-eplion,  ax  aw 
rlraws  the  hand  ont  i>f  a  glove.  In  fact,  in  the  jnvpni-ntioii  which 
twrvee  us  the  basin  of  our  figure  135a  the  cotyle<]oDs  of  ofispving  and 
toother  (6^  and  C)  are  separated  from  each  other,  since  the  ut«nis 
{I/)  htia  been  opened  by  means  of  an  inci^on  and  drawn  back  from 
the  chorion  (Ofi)  for  n  little  distftnci'. 

Figui-e  136b  shown  a  single  cotyledon  of  ligiire  135a  somewhat 
larger  than  tlie  natui-al  size.  The  wall  of  the  nteriis  (m)  is  drawn 
back  a  little  from  the  chorion  {C/t}.  As  a  result  of  this,  the  maternal 
(f)  and  fcetal  parts  (f^)  of  the  cotyledon  ai*  partially  separated 
from  each  other.  On  the  placenta  iiterina  (C)  one  perceives  many 
«!mall  pits,  on  the  placenta  facialis  (f)  the  cio«ely  packed  dendritically 
branching  chorionic  villi,  which  have  been  withdrawn  from  the 
pite. 

As  the  diagrammatic  section  ligiire  136  teaches,  the  foetal  and 
maternal  tissues  abut  immediately  on  each  other.  The  villi  are 
covered  with  flattened  cells,  and  the  depressiona  of  the  mucous 
memhmne  are  lined  «ith  cylindrical  ci'Us  ;  the  latter  develop  within 
them  grannies  of  fat  and  albumen  ;  they  disintegrate  in  i«irt,  and 
thereby  contribute  to  the  formation  of  a  milky  fluid,  the  so-called 
nterine  milk,  which  can  be  pi'essed  out  of  the  plawnta  uterina  and 
serves  for  the  nutrition  of  the  ftctuK,  It  is  to  he  noticed  also  that 
in  the  Ruminante  the  uterine  glands  have  openings  on  the  mucous 
mMnbrnne  only  between  the  cotyledons. 

In  all  other  Mammals  that  ai-e  pronded  with  a  placenta  the 
iniffl-growth  of  the  fietal  and  maternal  titeiie  is  still  more  intimatj>. 
At  the  same  time  there  is  formed  in  this  way  such  a  close  union, 
that  a  trpnratinn  of  the  cliorion  without  injur;/  to  the  mucotia  membrane 
of  the  ulerua  i«  noif  no  longa-  jioesiblt,  A  t  hirth  l/iereforg  n  mora  or 
ht$  eontid'trable  tuprrficinl  layer  of  the  miicoitx  nwrnbranf  of  t/ie  ulerua 
is  catt  off  wilk  iJie  fiHal  pincenln.  The  part  that  is  east  off  is  called 
tA«  eadtKOtie  iiiaiilrrwne,  w  the  deddvu. 

In  accordance  with  Hi:xi,Ey's  propowil,  all  Mammals  in  which,  in 
eonseqiience  of  the  special  gi-owth  of  the  placenta,  such  a  membrane 
is  formed  are  now  grouped  together  aH  Mammalia  deciduatn,  or 
briefly  Deciduata,  in  contradistinction  to  the  remaining  Mammals — 
the  Inderidunta,  the  formation  of  whose  placentie  has  juut  been 
discussed. 
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In  the  Mammalia  with  a  decidua  we  mufit  distingniah  (too  MtA- 
lypee  of  placenta,  a  rimi-likf.  nnii  a  disc-like,  a  piaetnia  iovaria  and 
n  plaeenlii  dlteoiiUn. 

The  plaeentn   ttmari".   in   cliiiracterintic   of   the   C':ii'nivora-     Thn  " 
blnflUxici-mic  vecirle  in  this  rime  generally  han  the  shnpc  of  a  ruNk. 
Witli  the  exception  of  both  poles,  whicli  retain  a  nmooth  suiface.  the 
clionon  in  covereil  with  niimei'outi  villi  arrangnd  in  a  <;ii-<1le-Hhapi<<l 
20tie ;  the  villi  are  ftiraiabej  with  latei^l  bmnches,  Uke  a  trep. 

The  branched  villi  of  the  (rhurion  fdnk  into  the  thickened  i 
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membrane  of  the  uterns  in  various  directiona,  so  that  in  eections 
there  arises  the  appearance  of  an  irretiular  irUerlacing  (fig.  137). 
However,  according  to  the  canourrent  accounts  of  TuksER  and 
EncoLAM,  there  is  no  penetration  into  the  uterine  glands  in  this  case, 
any  more  than  in  the  case  of  the  Indecidiiata. 

Tlie  epithelium  (e')  of  tJie  maternal  mncons  membrane  {M)  persixta 
and  forms  a  boimdnry  between  the  villi  {V)  and  the  mat»mal  hlood- 
vestelf  ((/'),  which  tatter  have  eniajyed  to  oavitiea  from,  three  to  f oar 
lim-es  aa  loide  as  the  j'lrtal  capillariei  (d).     This  enlargement  of  the 
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nutemal  blood -puiisagee  is  full  of  idgnilicance  for  the  formation  of 
the  plnoenta  in  the  DeciUuuta  as  opposed  to  that  of  the  Indetjtdiuita. 

The  second  form,  the  diteoid  placaita,  is  chanictenHtic  of  the 
Rodentia,  the  Inaectivora,  the  Cliiroptera  and  Proeimiie,  the  Apee  and 
Man.  Here  the  portion  of  the  choi-ion  devoted  to  the  foi'mation  of 
the  placenta  is  Rmall ;  hut  in  compensation  for  thit.  the  tufte  of  villi 
(fig.  138  P)  are  very  highly  deveJojied  ;  the  union  between  pliUKiitu 
utei'ina(3/)and  placenta 
foetalis  (F)  is  most  in- 
timate ;  the  maternal 
blood-spaces  {d'),  in  the 
cafie  of  the  Apes  and 
Man  at  least,  are,  as  no- 
whei*  else,  enormously 
diHt«nded,  bo  that  the 
villi  of  the  chorion  (T) 
appear  to  aink  dii'ectly 
into  them  and  to  be 
bathed  immediately  by 
the  maternal  blood. 

Since  we  shall  occupy 
ourselves  more  at  length 
in  the  next  chapter 
with  the  human  pla- 
centa, which  belongs  to 
this  type,  these  tew 
remarks  may  suffice  for 
the  time  being. 

I  close  this  section 
with  a  reference  to  the 
high  systematic  signifi- 
cance of  the  embryonic 
ocresBory  organs  of  Ver- 
tebrates, They  present, 
OH  we  have  seen,  such 
great  and  striking  dif- 
ferenceii  in  the  separate 
classes,  that  the  utilisa- 
tion of  them  for  systematic  purposes  which  has  been 
Mxlne-Edwaedb,  Owed,  and  Hoslkt  was  natural. 

All  lower  Vertebiutea,  Amphioxus,  Oyclobtomes,  Fiahes,  Dipnoi, 
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and  Amphibia,  either  possess  no  accessory  organs  at  all,  or  only 
an  evagination  of  the  intestinal  tube,  the  yolk-sac.  The  embryos 
of  Beptiles,  Birds,  and  Mammals,  on  the  contraiy,  are  further 
enclosed  in  two  fugitive  membranes  characteristic  of  embryonic 
life,  the  amnion  and  serosa.  They  have  therefore  been  grouped 
together  as  amiiiotic  animals  or  Amniotaj  and  the  classes  first 
mentioned  have  been  contrasted  with  them  as  non -amniotic  animals 
or  Aiiamnia. 

Among  the  amniotic  animals  a  further  separation  into  two  groups 
can  be  made  :  on  the  one  side  are  the  egg-la3ring  Reptiles  and  Birds, 
which  Huxley  unites  into  the  Sauropsida ;  on  the  other  side 
Mammals,  in  which  (with  the  exception  of  the  Monotremes)  the 
oggs  develop  in*  the  uterus,  and  the  young  are  further  nourished 
after  birth  by  the  secretions  of  milk-glands. 

In  the  Mammalia  the  ftetal  membranes,  inasmuch  as  they  unite 
with  the  mucous  membi-ane  of  the  uterus  to  form  an  organ  of  nutrition, 
take  on  a  still  moi*e  complicated  character,  and  present  modifications 
which  in  turn  can  rejidily  be  utilised  for  systematic  purposes. 

In  Monotremes  and  Marsupials  the  outer  embryonic  membrane 
retains  an  almost  smooth  siurface,  as  in  Reptiles  and  Birds ;  in  all 
other  Mammals  there  arise  on  the  surface  of  the  chorion  villi,  which 
grow  into  the  maternal  mucous  membrane.  Owen  has  designated 
the  one  as  Implacentalia,  the  other  as  Placental ia.  The  terms 
Achoria  and  Choriata  introduced  for  these  by  Kolliker  are  better. 

In  the  Choriata  the  union  of  the  villi  with  the  mucous  membrane 
is  either  loose  or  firm ;  corresponding  to  this  there  is  either  no 
detachable  layer  of  the  mucous  membrane  of  the  uterus  formed, 
no  decidua,  or  such  a  structui-e  arises  as  the  result  of  close  inter- 
giowth  of  the  placenta  uterina  and  placenta  foetalis.  Thus  we  have 
the  Mammalia  indeciduata  and  the  MammaUa  deciduata.  In  each 
division  there  are  again  two  sub -types  in  the  formation  of  villi.  In 
the  Indeciduata  the  villi  are  either  evenly  distributed  over  the 
surface,  or  they  are  united  into  more  or  less  numerous  groups 
(placent«  or  cotyledons),  which  are  separated  fi-om  one  another  by 
smooth  tracts  of  the  chorion.  In  a  pai-t  of  the  Deciduata  the 
placenta  is  girdle-sha})ed,  in  another  pai*t  disc-shaped. 

Summary. 

1.  In  the  Mammalia  there  is  developed,  in  the  siime  way  as  in 
Reptiles  and  Birds,  a  yolk-sac,  an  amnion,  a  ^erosii,  and  an  allantois. 

2.  Excepting  in  the  Monotremes  and  Marsupials,  the  serosa  is 
metamorphosed  into  a  chorion,  in  that  it  puts  forth  villi,  and  in  that 
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th&  connective-tifitiue  Inyer  of  the  alluutois,  whioh  in  provided  with 
the  umbiliciil  blood-vessels,  spreads  out  on  its  inner  surface  and 
penetrates  into  the  villi. 

3.  lo  u  purt  of  the  Mammalia  certain  regions  of  the  serous 
membrane,  where  the  villi  grow  more  vigorously  and  put  forth 
lateral  branches,  and  sink  into  corresponding  depi-essiouB  of  the 
mucous  membrane  of  the  uterus,  are  convert«d  into  a  placenta  (when 
many  of  them  hiive  arisen  on  one  chorion  they  are  called  cotyledons). 

4.  On  the  placenta  one  distinguishes; — 

(a)  A  placenta  fcotulis,  i.e.,  that  part  of  the  chorion  which  has 

developed  the  tufts  uf  villi. 

(b)  A  placenta  uterina,  i.e.,  that  part  of  the  mucous  membrane 

of  the  uterus  which  has  praliferated  and  is  proi'ided  with 
depressions  fur  the  reception  of  the  placenta  fmtalis. 

5.  Poetal  and  maternal  parts  of  the  placenta  can  become  more 
firmly  united  with  each  other  ;  tlit;  result  is  that  at  bii-th  a  larger 
or  smaller  tract  of  the  mucous  membrane  of  the  uterus  is  also  cast 
off,  and  is  knowii  as  the  caducous  membrane,  or  the  decidua. 

6.  According  to  the  character  of  the  embryonic  membranes,  the 
following  divisions  of  Vertebi'at^s  may  be  established  :— 

I.  Anamnia,  animals  without  an  amnion. 
(Ainpliiosus,  Cyclostomes,  Fishes,  Amphibia.) 
H,  Asmiota,  animals  with  an  amnion  (with  yolk-sac,  amnion, 
serosa,  and  allantois), 
A.  HawtyiHda.     Egg-laying,  amniotic  animals. 

(Beptilesand  Birds.) 
IS,  Matnmalia.    In  all  of  them,  except  the  Monotremes,  the 
eggs  ai'e  developed  in  the  uterus. 
(a)  Achoria.     The  serosa  develops  no  villi,  or  only  a  few, 

(Monotremes,  Marsupials.) 
(6)  Choriata.      Tlie  serosa   becomes  the  villous  membrune 
(chorion). 

(1)  With  evenly  distribntod  villi, 
(PeiTSsodactyla,  Suidw,   Hippopotamidie,  lyiopoda, 

Tragulidffi,  C'etaeea,  etc,) 

(2)  Placentalia.      The  serosa  is  at  intervals  metamor 
phused  into  a  placenta, 

a.  Numerous  cotyledons.     (Kumiuaulia.) 
li.  Placenta  zonaHa.      (Camivora.) 
-/.  Placenta  discoidea,     ([Man,]  Apeu,  Rodents,  In- 
sectivores,  Bats.) 


}  Mammalia 
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CHAPTRK.  XIII. 

THE   ffKTAL   .VEMIIBA-YES   OF  -tfJX 

The  mve^tigutinn  of  the  first  HfAges  in  the  development  of  man, 
whicb  are  nctunipllBlied  during  the  first  four  weeks  of  pregnancy,  is 
roupled  with  extraordinary  difficultieB,  Only  veiy  exceptionally  does 
the  embryologiBt  come  into  possession  of  young  hiimnn  ova,  whether 
found  ill  the  nteruH  at  the  time  of  (h'sseclion,  or  coming  into  the 
hnnds  of  ii  phyRiciuii  na  the  rfsiill  of  miscaiTiage.  In  the  latter  case 
the  ova  have  often  been  dead  for  li  long  time  in  the  uterus,  and 
consequently  are  in  process  of  decom[>o3itioD.  Finiilly,  a  good 
preservation  and  au  accurate  investigation  of  Bticli  flmall  and 
delicate  objects  demand  no  slight  degree  of  tikill. 

This  accounts  for  the  fact  that  we  do  not  pos.sess  in  the  cose  of 
Man  a  single  observation  upon  the  procees  of  fertih'saliou  or  that  of 
cleavage,  upon  the  formation  of  the  germ-layers,  or  upon  the  first 
establishment  of  the  form  of  the  body,ithe  foetal  membranes,  and  a 
large  number  of  other  organs.  Concerning  this  whole  period  we 
are  dependent  upon  the  conclusions  which  are  furnished  by  the 
development  of  other  Mammals.  Tlius  we  assume  that  fertilisation 
normally  takes  place  in  the  enlarged  beginning  of  the  oviduct 
(Fallopian  tube) ;  that  the  seminal  elements,  which  remain  alive  ia 
the  female  sexuni  organs  perhaps  for  da3's  or  weeks,  here  await  the 
oTum  as  it  emerges  from  the  ovary ;  that  the  ovum  already  segmented 
enters  into  the  cavity  of  the  uterus,  attaches  itself  in  the  mucous 
membrane,  and  during  the  first  weeks  of  pregnancy  gives  rise  to  the 
germ-layers,  the  outer  form  of  the  body,  and  the  fatal  membraQCo, 
according  to  the  well-known  rules  for  other  Mammals. 

A  little,  although  very  scanty,  information  has    been  acquired, 

ittt  this  concerns  only  the  second  and  subsequent  week.     A  small 

fcawter  of  ova  have  been  described  in  the  literature,  which  for  the 

■MB|t  pftrt  come  from  miscarriages,  and  the  age  of  which  has  been 

piiibutted  at  from  twelve  to  fifteen  days.     The  blastodermic  vesicles 

I   measured  5  to  6  mm.  in  diameter.     Here  belong  two  ova  described 

by  Allen  Thomson,  and  those  by  ScHitaDSR  v.  d.  Kolk,  HeNHio, 

BxiCHBRT,  Bbei'ss,  Beioel  USD  LtfwE,  OS  well  as  the  cases  published 

by  AoLFELD,  KoLLMANN,  FoL,  and  Grap  8peb. 

Upon  critical  comparison  of  the  discoveries,  there  are  two  facts 
which  we  can  regard  as  ostablLshed. 

First.     At  the  end  of  the  second  week  the  blastoiiermic  vesicle 

16 
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(blABtula)  no  longer  lies  free  in  the  cftrity  of  the  t 
encloeied  in  a  special  capsule  produced  hy  the  jfrowtb  of  the  mucous  ] 
membrane.      Hitliorto   no  one  has  had  the  opportunity  to  i 
olittervations  concoming  the  formation  of  tliiii  capaule.     Following  \ 
an  hypotheidH  of  SaARPBT,  which  baa  been  somewhat  uuxlified  by  I 


in  Ihnmf k  the  fnvld  hiu 

i^,  plaombi  atiriu  (dnMnn  BniUiiil) ;  P/,  pliuaata  FuiUIIb  or  obarlan  Iroodonun  ICk/i  i 
CU,  DhorloD  l<rv«;  A  (on  btiuk  Ixukfioiuid),  tavlt;  of  iti>  imnlDn  SIM  wilh  wnDioes 
Hull] :  2>.  jalk-  (nmUIIiol}  inlcle ;  In  Oka  embrrr.  oiu  taa  th«  nn.blllail  •■~1>  (^1 1  i  I  U» 


!db\  tl 


:  p.  *miJ 


Reichert,  it  is  now  generally  assumed  that  the  ovum  upon  it« 
entrance  into  the  uterux  imbeds  itnelf  in  a  depression  of  the  mucous 
membrane,  which  Ls  thrown  into  ridges  arid  in  in  process  of  being  j 
metamorphofwd  into  the  decidiift.  The  margins  of  the  depression 
soon  grow  around  the  hlastida  on  all  sides,  and  fuse  together  to  form 
a  oloKed  fu'tal  capsule.    The  fui^'on  takes  place  ut  a  point  diametrically 
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oppooite  the  attachment,  and  is  dexcribed  as  resembling  tx  cicatiu. 
It  is  destitute  of  blood- vessfln,  whereas  these,  as  well  as  ut«irne 
glands,  ni-e  present  in  the  remaining  portion  of  the  overgrowing 
mucous  membnme.  The  blastula  lies  in  this  receptacle  now,  unci 
even  into  the  beginning  nf  the  second  month,  loosely  enclosed  ;  after 
opening  the  capsule  tlie  hlastulu  am  be  removed  eneily  aud  without 

Whereas  in  other  ^tlitmmalH  only  that  part  of  the  uterine  mucons 
membrane  which  contributes  to  the  formation  of  the  placenta  ia  cast 
off,  in  the  lase  of  Man  there  occurs  a  much  more  extennive  eodysis 
of  the  mont  superficial  layer,  namely,  over  the  whole  inner  surface  of 
the  uteiine  cavity.  Hei'e,  too.  the  part  which  is  cast  off  ia  deaignated 
as  deciiitunts  vi«mbran«  or  d»iidua,  and  three  regions  are  distingnish- 
able  (fig.  139) — the  part  which  is  thrown  arumid  the  hiastula  aa 
JecH^iMt  r^exa  (Dr),  the  part  which  forms  the  floor  of  the  depreesioa 
in  which  the  ovum  has  established  itaelf  as  decidita  gerotina  {Pu),  and 
the  remaining  portion  as  decidua  vera  {Dv). 

In  the  reflexa  we  become  acquainted  with  a  structure  which  in 
this  complete  form  occurs  only  in  the  case  of  Man  and  the  Apes, 
vhereas  beginnings  of  such  a  structure  are  also  found  in  other 
groups,  as,  e.g.,  in  the  Carnivores.  Since  the  foetal  capsule  does  not 
at  first  completely  fill  the  uterus,  there  remains  between  reflexa  and 
vera  a  space  filled  with  miioUH. 

A  Mcond  and  in  many  respects  astonishing  result  is,  that  even 
in  very  young  and  small  blastodermic  vesicles,  aa  all  diacoveries 
I  Agree  in  showing,  a  weS-develojied  chorion  with  abuitdanl  villi  is 
I   begun. 

^e  villi  are  either  distributed  over  the  whole  surface  of  the  ovum, 
or,  fls  in  Rbichert's  case  (fig.  HO  A  and  B),  they  leave  two  opposite 
poles  of  the  blastula  free.  They  attain  a  length  of  one  millimetre, 
and  in  part  have  tiie  form  of  simple  cylindrical  elevation.'* ;  in  part 
they  already  ponaees  ktei-al  branches.  At  no  place  have  they  fused 
with  the  decidua.  Like  the  chorion  itself,  they  consist  of  two  layers 
— of  a  superficial  epithelial  layer,  derived  from  the  serosa,  concern- 
ing  which  AnLfBLO  and  Kollmamn  have  mode  very  definite  and 
reliable  statements,  and  of  a  layer  of  embryonic  gelatinous  tissue, 
which  extends  into  the  axis  of  the  villi  and  already  appeai'.-<  to  bear 
her©  and  there  blood-vessels. 

Unfortunately  we  have  learne<l  nothing  from  investigations  of 

these  youngest  of  all    human  embryos  concerning  the  structures 

I  within    the    chorion,— the    remaining    fa'tal    membranes   and    the 
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fundament  of  the  emhrj-o  itself.  Either  the  ova  vera  already  more 
or  l»w  pathologically  altered,  or  the  contents  were  consderably 
damaged  in  comtequence  of  the  method  of  preservation  and  by  the 
preparation.  At  all  ev-ent«  with  other  investigatorti  one,  I  think, 
may  conclude  from  the  condition  of  the  ehorion  that  the  embryo 
must  have  been  in  an  advanced  stage,  in  which  germ-layers,  yolk- 
nac,  and  amnion  were  already  formed. 

This  ansumption  in  all  the  more  reanonable,  Rinee  well -developed 
emhryoH  from  blantodermic  iTeniclett  which  were  only  a  few  milU- 
metrctt  larger  have  been  degnibed  by  Oostr,  Allen  Thomson,  His, 
and  othent.  In  these  casef>  the  head-end  of  the  embryo  only  is 
rather  Kharply  dtRerentiated  from  the  yolk-sac,  which  ts  continnouR 
with  the  fiindameut  of  the  intestine  throughout  nearly  its  entire 


BcimERT.    I,  The 
ibnoa  bFfon  tbt 


length.  The  neural  canal  ifi  not  yet  closed,  hut  the  amnion  never- 
theless is  completely  developed,  and  in  fact  HeB  almot^t  in  contact 
with  the  embvyonal  Ifody ;  at  its  posterior  end  it  in  connected  with 
the  chorion  by  means  of  a  short  coi'd,  which  ia  connected  with  the 
fundament  of  the  allantois  and  has  been  named  the  belly-atalk 
(Bauchstiel)  by  His. 

Also  in  the  only  slightly  older  embrj-o  of  CoffrE(fig.  HI) — in  which 
the  neural  tube  in  closed,  the  body  distinctly  segmented  {ut),  the 
head  provided  with  visceral  arches  (vb),  behind  the  latter  the 
heart  (A)  recognisable,  and  the  yolk-sac  (d»)  further  constricted  off — 
a  short  belly-stalk  (b»e)  is  present.  It  is  composed  of  the  amnion 
(am'')  drawn  out  to  a  point  and  of  a  connective- tissue  cord,  which 
arises  from  the  ventral  surface  of  the  embiyo  out  of  the  intestinal 
cavity  of  the  pelvic  region,  enclosee  at  ita  attached  end  a  small  cavity 
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(the   allantois),  anJ  coiiUucttt  tlie  tdlButoic   blood-iesseU  from  the 
I    pelvic  portion  of  the  iutestine  to  the  chorion. 

This  oord  is  a.  chnractaristic  structure  for  the  hiiiuaii  embryo,  the 
Ngnilicance  of  which  is  etill  in  dispute.  Kolliker  and  His  have 
given  Homewhat  diflerent  explanations  of  it.  KOlliker  brings  the 
cord  into  relation  with  the  development  of  the  allantoia.  He  makes 
the  fundament  of  tliis  important  embryonic  appendage  arise,  as  in 
other  Mammulb,  from  the  hind  gut  of  the  embryo,  and  approach  the 
serosa  as  a  thick  viiw.'uliiv  con nective-tissue  growth  lined  with  a 
(ihort  epithelial 
tube,  without 
previotwly  de- 
veloping inside 
it«elf  a  large 
epithelial  ^w. 
He  also  uain- 
tains  that  the 

tissue  part  of 
the  short  allan- 
toic eoni,  or 
belly-stttik, 
grows  arutind 
on  the  whole 
inner    aide    of      '*■  '"■ "  ^™"  miajt  with  jreik-ii  . 

inner     aiuo     ui  uj,  wd^^.rtnOwtf.,  (n™  ll.»  [■■M™«hUd..Ku.W""' 

the  seroHu,  and      Uo  hu  ani»i>i»i  ><>moHh>t  Uib  i> 

into    the    epi-  _^,_,  ^^  _^,  ^,^  ^^^  ^,  ^^^^  ^^_  _^^  ^^^  ^^  ^^^  „p™™toa 

(helial  villi.  In  Cobti'*  le.  t. 

Hl8   regawls  ^^'^  ^  ^^.  ^  bellj^uilk;  *».  Uil-utm;  <u.  t*iiultlvB 

AS     Unwiir-  n»lit;  J{,,vl 

ranted       "the 

aaaumptiou.  in  opposition  tn  the  nuliml  st>it«  of  iilliiii^,  that  the 
n  embryo  at  lin>t  tteparates  itself  from  the  part  of  the  btasto- 
c  vewiulu  which  in  employed  for  the  I'huiiou,  and  hiibfiequently 
onites  with  it  again  by  lueuns  of  the  lundauient  of  the  allantots." 
Be  does  not  admit  that  the  fundament  ot  the  embryo  iu  Man  it^ 
ever  wholly  constricted  ofl'  from  the  chorion,  na  in  the  remaining 
Uftmmala,  and  be  recognises  in  the  belly-stulk  -'the  bridge  of 
coanectiou  between  the  fundament  of  the  embryo  and  the 
chorionic  jiart  uf  the  original  blastodermic  vesicle,  which  has 
I   severed."      Accoi'ding    to    him    the    allantois    in    the 
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human  embryo  has  nothing  to  do  with  the  development  of  the 
belly-stalk. 

Neither  of  these  two  explanations  seems  to  me  entirely  satisfactory. 
According  to  my  view,  the  structure  under  consideration  may  be 
explained  in  a  manner  which  is  not  only  in  complete  harmony  with 
the  facts  of  the  case,  but  alno  reconciles  the  views  of  Kollikbr  and 
His. 

As  Coste's  embryo  appears  to  show,  the  origin  of  the  heUysUiUc  is 
connected  in  the  first  place  with  a  somewhat  irregular  Jormation  of  the 
amnion.  It  follows  from  the  fact  that  the  latter  is  drawn  out 
posteriorly  to  a  point  (fig.  141  am^),  the  apex  of  which  reaches  to  the 
chorion,  that  its  closure  in  the  human  embryo  takes  place  at  the 
extreme  posterior  end  of  the  body,  and  that  at  the  same  time  a  union 
with  the  chonon  is  retained  at  the  place  of  closure.  The  fundament 
of  the  embryo  therefore  remains  in  connection  with  the  chorion,  not 
directly,  as  His  maintains,  but  only  indirectly  by  means  of  Uie 
amnion. 

In  the  second  place,  the  allantois,  the  somewhat  eccentric  develop- 
ment of  which  in  the  case  of  Man  is  perhaps  intimately  connected 
with  the  above-mentioned  peculianty  in  the  formation  of  the  amnion, 
takes  part  in  the  formation  of  the  belly-stalk.  It  is  thei*efore  proper 
in  this  connection  to  enter  somewhat  more  fully  into  the  aUantais- 
question  in  Man,  so  actively  discussed  duiing  the  last  decade. 

Since  in  other  Mammals  the  allantois  (fig.  142  al)  has  the  form  of 
a  large  stalked  sac,  which  grows  out  from  the  navel  till  it  comes  in 
contact  with  the  serosa  (sz),  and  carries  to  it,  along  with  connective 
tissue,  the  umbilical  vessels,  attempts  have  been  made  ever  and  anon 
to  discover  such  a  sti'ucture  in  the  case  of  human  embryos  also.  The 
proof  of  it^  existence  in  Man  appeared  to  be  furnished  by  a  premature 
embryo,  on  which  Krause  described  a  spherical,  sac-like  allantoic 

The  embryo  of  Krause  presented,  however,  in  many  respects 
such  deviations  from  other  known  human  embryos  of  the  corre- 
sponding stage  as  to  cause  the  statements  to  be  accepted  on  the  part  of 
many  penions  with  great  reservation,  and  to  permit  the  suggestion 
of  His,  that  in  this  case  it  was  not  after  all  a  human  embryo. 

Upon  critical  examination  of  the  facts  relating  to  the  question, 
I  am  likewise  of  the  opinion  that  in  the  case  of  Man  a  stage  of 
development  vnth  a  free  allantoic  sac  protruding  out  of  the  body-cavity 
is  not  reached. 

As  results  from  the  fine  investigations  of  human  embryos  by  His, 
the  belly-stalk  is  found  upon  cross  section  to  be  composed  of : — 


(1)  The  pennant'like  prolongation  of  the  nmiiion  ; 

(2)  Beneath   this,    abundantly    developed   embryonic   connective 
tisRue  ; 

(3)  The  fundament  of  the  iillantois,  which  has  the  form  of  a  very 
narrow  pEuaage  with  I'pithetial  lining  ; 

(4)  The  umbilical  blood -veasele,  of  which  tlie  Arteries   Ho  cIomi 
upon  the  allantoic  duct,  while  the  veins  run  nearer  to  the  a 

To  the  question,  How  have  these  parts  arisen!  that  appearx  to  n 
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I*.  Zuo*  pdludiU  f\tb  •nil  (] 

(mica  ninbilhallij 

the  moat  natural  answer  which  permits  of  being  harmonised  with 
the  known  conditions  in  other  Mammals.  Now,  such  un  agreement 
in  poiwibin  upon  the  followtug  uaiumption. 

Very  early,  when  the  hiud  gut  begins  to  be  formed,  there  uiisas 
on  its  ventral  aide  aa  a  fundament  of  the  alliintois  a  knob  eompoatd 
«f  many  celb,  and  containing  only  a  small  evagination  of  the  ento- 
dermic  layer.  Tlie  allantoic  knob  does  not,  however,  grow  free  into 
the  body-cavity,  as  in  the  remaining  Wfiminals  (fig.  142  al),  but  ex- 
tends along  the  ventral  wall  of  the  embryo,  and,  from  the  place  where 
tbib  is  rejected  ofi*  to  form  the  amnion,  along  the  ventral  wall  of  the 
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l.iMi'f  Mi;r.  141  nm^)  uj»  u»  it?*  j»Lit*  of  fc.TL«iiii«m  iiC*  ike  ebirioiL 
T\i*f  «'\:ip nation  of  thf  eiiU.«dermic  Ihrer  zufjLULmie  tAKoabtf  ewousMii 
ini^#  t}i»'  n;irmw  aJlantoic  duel  :  the  iDore  vttfnniriDO*  <iGUS«cfiTe- 
ti^Mic  ;:nfwtlj  r*am<^  with  it  th<'  mnlilicft]  iiicKad-VBBSir^  to  the 
('horinn,  fh'-n  hitrtfudu  itnelf  om  on  the  izmtr  scrfftcc*  ctf  t2>e  lan«r 
in  i)t*'   ^^o]\  known  Uianner,  and   jieijeirai«e«-  im-:-  li*  vilH  ei  the 

wf*»>a, 

'Djc  a|]anti>i^.  tliffH-fore.  in  it^  iievek«f<zzie£it.  iufSBft^i  ci  giDving 
uwv  jr*t  to  iljcf  M  rris;i.  inak^^  use  ctf  the  almi.dT  rxL^ozj?  ccicrbection 
lKl\i<<-ii  t}i('  latt^T  and  the  embryo  established  1>t  the  pecnAnt-like 
(;lon^'ati(»ii  of  th*-  amnion  {am  ),  But  thi>  mode  ctf  dervlopment 
{»« ihapo  n-Multf.  from  the  fact  that  the  pOfi<terior  esd  of  the  embryo 
in  Alan,  a-  Wii.  I  M  show.--,  i>  cl^isely  attjicbt^  to  the  steroaa  At  the 
uhit'i-  n\  f  },i.  aniniotir-  suture,  wherebv  the  allantoic  ha*  oolv  a  short 
<li-t;iiiij'  to  ;/row  in  onl'-r  U)  n.-iich  iht' st^Xfcsa. 

Finally,  th<- Kirly  a]»[»-aran(-e  of  the  allaDtc>Li-  will  hecDme  intel- 
li;;ihl«  to  w^.  if  «<•  n  njind  oui'«eIve>  that  organs  of  gresat  phyaological 
:nijMiii;iiji  4.  Iiavi  in  ;:en"ral  tlie  t*'ndency  to  an  acoelerai*^  develoj»- 
ni<nt.  :in<l  that  in  tli<'  >eries  of  Mammals  the  prorisiions  for  the 
nutrition  of  thv  '-nihryo  by  means  of  a  plaoenta  hare  beoDme  more 
and  njor«*  '"onjjihrl^'. 

WhiNf  th<  r<-  ih  Ktili  much  o1>m nrity  about  the  tirst  f^tages  of  Mans 
d<r\<*lo]^ni<Mjt,  w<'  j^ii-.sf'.-v*  more  saiLsfactory  insight  into  ihv  changes 
vvhicli  tlu'  <rnihryoni<-  mtMiibi-ane>  in  Man  undergo  from  the  third 
wiMfk  onward. 

From  this  |Mjint  forwanl  we  ^hali  examine  each  separate  embryonic 
njifinbran**  l»y  it^df  :  fii-st  the  structuitw  that  are  developed  from 
lljff  Ma>tod<;rmic  vesi<-le  i\)  th*'  chorion.  (2)  the  amnion,  (3)  the 
yolk  siw ;  tljiM)  (A)  tli<f  d<H-idu.'i'  which  an*  produced  by  the  mucous 
nn-ml»ran*.*  of  tin*  uterus ;  and  finally  (5)  the  after-birth  (placenta) 
and  MJ;  \\n'.  iimhilical  cord. 

1.  The  Chorion. 

liujin;:  tlj»-  tir.-l  w».'»'k>  of  prc^Miancv  the  whole  ."Nurface  of  the 
clior'ioii  i^  coveicd  witii  villi  (ti«jr.  132\  p.  22t),  and  tig.  140),  and 
piov  id«:Hl  with  t«'rminal  hranchrs  of  the  umbilical  blool^-ves^els.  After 
its  powth  ha>  pi*oceiHlc'd  for  a  time  unifonnly,  thei'e  l)egin  to  appear — 
from  tiir*  l>ei:innin^'  of  tlin  thii*d  month  onward — diflerenoes  between 
the  part  which  lies  din*ctly  against  the  wall  of  the  uterus  that  is 
dentined  to  biiome  the  dccidua  sci*otina  and  the  remaining  greater 
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part,  which  ha.s  brcoiue  overgcown  by  the  ilouiJua  reflexa  (tig.  H3). 
While  on  thp  Utter  the  villi  (s')  cease  to  grow,  on  the  fovmer  they 
increase  enormously  in  nixe  and  take  the  form  of  long,  and  at  the 
hose  thick,  ti'ee-like,  branching  i^tructureH  (:),  which,  nmt«d  into 
tufts,     project 

^* 


time  of  i 
tigating       the 
mature  pla- 
there- 
fore  diHtin- 

guiahed    as  [^teiiiV^^^-rvTm of ^Tli 

thorion     fi-on- 

doantn  from  the  remaining   larger   part,  the 
mnooth  duirion. 

The  exjiressiou  *'  nwnoth  chorio 
applicable.      Of  the  villi  which  i 
Bome  aft«i'waril»  remain  pi-euerved  o 
the  vicinity  of  the  plamnU.     They  gi-ow  into  the  deeidua  reliexa, 
effecting  a  lirui  union  with  it  (lig.  H'^i  x'). 

At  the  lianie  time  a  seiiond  distinction  between  chorion  frondotium 
and  chorion  liuvc  in  developing.  In  the  territory  of  the  latter  the 
bluod-vettielh  anslug  from  the  uaibilical  arl«riea  begin  to  dwindle, 
whereaa  the  former  becomes  more  and  more  abundantly  supplied 
with  blood-vessel d,  and  finally  alone  I'eceivcB  the  terminal  distribution 
of  the  umbilical  arteries.  Thus  the  one  region  becomes  debtitute  of 
vessels,  while  the  other  becomes  cstruordinarily  vascular,  and  the 
nutritive  ot^gan  for  the  embryo. 

Ulfltologically  the  chorion  laive,  whii-b  upon  examination  from  the 


"  ii*,  titrictly  speaking,  not  quite 
9  at  first  everywhere  developed, 
11  the  chorion  Iieve,  eupocially  in 
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surface  appears  thin  and  translucent,  consists  of  (1)  a  connective- tissue 
membrane,  and  (2)  an  epithelial  covering,  which  is  identical  with  the 
original  serosa. 

The  caniieclive-tissue  membrcme  possesses  at  first  the  character  of 
embryonic  mucous  tissue,  and  exhibits  therefore  branched  stellate  cells 
in  a  homogeneous  matrix.  Subsequently  the  mucous  tissue  is  con- 
verted, as  at  other  places  in  the  body,  into  fibrous  connective  tissue. 

The  epithelium  of  the  chorion  consists  in  the  first  months,  according 
to  the  statements  of  Kastschenko  and  Sedgwick  Minot,  of  two 
layers — a  superficial  one,  in  which  no  cell-boundaries  are  visible 
(protoplasmic  layer),  and  a  deeper  one,  in  which  the  individual  cells 
are  distinctly  separated.  Additional  particulars  ai'e  given  in  the 
description  of  the  placenta. 

The  embryonic  adjuncts  enclosed  within  the  chorion — the  amnion 
and  yolk-sac — undei-go  in  Man  during  pregnancy  the  following 
changes. 

2.  The  Amnion. 

The  amnion  (itni)  iiinnediately  after  its  origin  lies  close  on  the 
surface  of  the  embryo  (lig.  144),  but  soon  becomes  distended  by  the 
accumulation  of  fiuid,  the  liquor  amnii,  in  its  cavity  {fig,  132^).  It 
increases  to  a  much  greater  extent  than  in  other  Mammals,  in  which 
it  is  often  found  to  be  smaller  than  the  allantoic  sac  (compare  the 
foetal  membranes  of  the  liabbit,  fig.  133).  FinaUy,  in  Man  it  Jills 
out  the  entire  blastodermic  vesicle,  since  it  everywhere  applies  itself 
(fig.  143  aw)  closely  to  tlie  inner  walloftlie  clunrion  (ch). 

Its  wall  is  rather  thin  and  translucent,  and  also  consists,  like  the 
chorion,  of  an  epithelial  and  a  connective-tissue  layer. 

The  epitholiiim,  d«*rived  from  the  outer  germ-layer  of  the  embry- 
onic fundament,  lines  the  amniotic  cavity  within,  and  is  continuous 
with  the  epidermis  of  the  embryo  at  the  dermal  navel ;  at  the  place 
of  transition  it  is  compased  of  layers  ;  but  elsewhere  it  is  a  single  sheet 
of  pavement  cells.  The  connec^tive-tissue  layer  is  thin  and  at  the 
navel  continuous  with  the  corinm. 

The  amniotic  or/a;liU  water  is  slightly  alkaline,  and  contains  about 
1/  solid  constituents,  among  which  are  found  albumen,  lu^a,  and 
grape-sugar.  ItsS  volume  is  greatest  in  the  sixth  month  of  pregnancy, 
and  it  often  attains  a  weight  of  not  less  than  a  kilo  [2*2  lbs.  avoir- 
dupois] ;  then  it  diminishes  to  about  one-half  that  amount  at  the 
time  of  birth,  and  in  the  same  ratio  as  the  embryo  by  its  increased 
growth  demands  for  itself  more  room.    Under  abnormal  circumstances 
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the  secretion  of  amuiobiu  water  can  become  mut^h  greater,  and  con, 
by  a  coneitterable  distension  of  the  amnion,  lead  to  conditions  whicb 
have  been  called  dropsy  of  the  amnion,  or  bydramuJoD. 

3.  The  Yolk  Sac. 

The  yolk-aa/i  or  tha  umtnliaU  PMi'cfe  (vesicula  umbilicalis)  in  Man 
puraues  the  opposite  course  of  development  fi-om  that  of  the  ever- 


groo\f. 


lu  ttoiiitiwli^it  older  embryos  it  is  neen  to  be  ronnectod  by  means  of 
a  thii:'k  glali:  or  vitelline  duet  with  the  mid<11e  of  the  I'udimentary 
intOBtine,  now  converted  into  a  tube.  It  is  Hiipplfed  with  blood  by 
tbe  vuiui  omphiilouiet^enU-'rii'ii. 

During  the  sixth  week  tb«  vitelline  diicl.  or  ductiu  omjiliiiioiueHeti- 
tericua  has  grown  out  into  a  long,  narrow  tube,  which  sooner  or  later 
loms  its  cavity  nod  i"  converted  into  »  solid  i-.pitlietiat  cord.  It 
terminates  in  the  small  egg-sbapcn]  nmbiticnl  vpAicle  (Iigi^.  139  D  and 
143  ^lb).  Since  the  iimnion,  in  con  sequence  of  a  greiiler  accumulation 
of  fluid,  now  Itlls  the  whole  blastodermic  veiticle  (fig.  143),  it  haa 
enveloped  both  the  vitelline  duct  iitid  the  neck  of  the  alluntoiK  (al), 
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nnd,  as  it  were,  stirroundc^  them  ivit.L  n  sheath  (iimiiiolie  libroth). 
The  Btruclure  thua  prudticed,  the  umbilical  cord,  tuiiitrulus  umbilicalis, 
is  now  the  only  means  of  connection  between  the  embryo,  which 
fioatf  free  in  the  amniotic  fliiid,  and  the  wall  of  the  blastodermic 
veside.  Itet  attachment  to  tbe  latter  always  coincides  with  the  place 
where  the  placenta  is  developed. 

By  the  enlai'genient  of  tbe  amnion  the  ambilicul  vesicle  is  crowded 
out  to  the  surface  of  tbe  blastodermic  vehicle,  where  it  is  enclosetl 
between  amnion  (um)  and  choiion  (cA),  at  some  distance  from  the 
place  where  the  umbilical  t^ord  is  attached.  It  continues  to  exi^t 
here  up  to  the  tijne  of  birth,  although  in  a  very  rudimentary  condition. 
It  it  only  by'painstaking  c sum i nation  that  it  is  to  be  found,  usually 
several  inches  away  from  the 
margin  of  tbe  placenta.  Its 
longest  diameter  meagui-ee  only 
from  3  to  10  millimetres.  It 
was  on  this  account  that  the 
older  text-books  of  anatomy, 
physiology,  and  embryology 
eoiitaitied  the  statement 
that  in  Man  the  vesicula 
umbilicalis  disappeared  a&  a 
ueelesii  .structure ;  this  idea 
prevailed  until  the  constancy 
of  its  presence  was  demon- 
strated by  B.  ScHULTZE. 

tfi-M.  uwiino  giBudji:  .V,  u.n«raiar  i»ro.  ut  11.U  4.  The  Becidiue. 

The  decidiux  or  cadvcvtu 
fwUd  tneiiibraiie»  tola  their  ori-jin  froia  the  n»Kong  wembrune  of  Ui» 
uleras,  the  ctructure  of  which  is  greatly  altered  dufing  pi-egnancy. 

In  the  unmudilied  condition  the  mucous  membrane  is  a  soft  layer 
about  a  millimelre  thick,  which  repoeea  directiff  and  itmnovably  upon 
the  mtuculutuiti  (.U)  of  the  utei-iis,  wiiich  does  not  poKgess  a  liubmncosu 
in  thifi  region  (fig.  1 JS).  It  is  traveitjed  by  nnmerous  tubiilar  uterttM 
ijlands  (glandulie  utriculares,  ff/.it),  which  begin  at  the  surface  with 
small  orifices  and  pass  directly  downward  in  a  sinuous  course  close 
to  one  anothei-  until  they  reach  the  musculature  (M),  where  they 
terminate,  often  after  dichotomous  divittion. 

Mucous  membrane  and  glands  are  lined  with  ciliate  cylindrical  cells. 
The  connective  tissue  that  separates  tbe  glands  embraces  an  extra- 
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ordinary  abundaDiw  of  cells,  some  of  which  ftre  tipiniUe-shaped,  othera 
roundish. 

Fi-oui  the  beginning  ttf  [■regnaiicy  the  iniicoiis  nienil'mne  undergoes 
very  pi-ofound  i;hanges,  which  iiffect  nil  purts.  Concexning  these  we 
poesesB  accurate  observation m,  which  relate  to  every  munth  of  preg- 
nancy, by  KuNDRAT  rsD  Engelmann,  a«  well  as  by  Leopold  and 
Sedowick  Ml  not. 

We  take  up  in  succession  (1)  the  deciduB  vera,  (2)  the  decidiia 
reflexa,  and  (3)  tho  decidua  serotina  or  placentaliR,  the  part  which 
enteru  into  the  formation  of  the  placenta. 

(1)  Dwidua  va-a.  As  Leopold  remarks,  with  the  beginning  of 
pregnancy  the  mucous  membrane  constantly  increases  in  thickneiw, 
until  it  becomes  1  cm.  or  moi-e  thick,  up  to  tbe  time,  indeed,  when 
tlie  growing  ovum  attaches  itself  completely  to  the  walla  of  the 
uterus,  therefore  approximately  up  to  the  end  of  the  fifth  month. 
From  that  time  forward  there  begins,  as  it  were,  a  seco7id  stage,  in 
which,  under  the  pressure  of  the  growing  foetus,  it  again  becomes 
thin  and  finally  in  only  1  to  2  mm.  thick.  Meanwhile  both  the 
glands  and  the  tissue  between  them  undergo  changes. 

During  th«  first  tlage  the  tiierine  glaivU,  which  at  the  beginning 
are  tubes  of  uniform  calibre,  ineream  in  ai^e,  especially  in  their 
middle  and  deeper  paiie  (fig.  146);  whereas  at  their  open  ends 
they  are  rectilinear  and  di-awn  out  lengthwise,  deeper  down 
they  take  a  Bpiral  course  and  are  covered  with  evaginations  and 
pocketings. 

Upon  sections  therefore  one  can  now  distinguish  two  layers  in  the 
deddua  vera : — 

(1)  An  outer  more  compact  layer  (C),  possessing  more  abundant 
cells,  &nd 

(2)  A  deeper  ampullar  or  spongy  layer  (Sp). 

In  the  /ortiur  one  sees  the  glands  as  elongated,  parallel  canals. 
In  consequence  of  a  great  growth  of  the  int«r-tubular  tissue  they 
arc  separated  from  one  another  farther  than  at  first ;  they  begin  at 
the  surface  with  etiiarged  />innel-sha}>€d  pits  {fr).  The  sui-face  of  a 
mucouemembranestrippedofffrom  the  musculature  has,  as  KSlliker 
statee,  a  sieve-like  appearance,  due  to  the  enlarged  orifices  of  the  glands. 

In  the  spongy  Utyer  {Sp)  one  encounters  irregular,  lobed 
cavities  (dh)  one  above  another,  the  capacity  of  which  continually 
increases  up  to  the  middle  of  pregnancy,  and  which  are  finally 
Beparateil  from  one  another  by  tliin  septa  and  coi-ds  of  the  matrix- 
tissue  only.     The  .ippeamnce  is  cKplaiiicd  by  the  fa«t  that  in  the 


middle  of  tbcir  coiitae  the 
glandx  ikrp  liiglily  tortuous 
niid  iiiive  enlarged  and  be- 
come ]>ocketed. 

The  ciliate  r'jlindricai  tpi- 
tJu-liuvi  «t  tlie  KOrface  of  the 
mucous  membrane  of  the 
iiteriiH  gmdually  ilisappears 
entirely ;  it  ia  destroyed  r 
eailv  (in  the  end  of  the  first 
iiinnth  of  jiie<,'iianciy(MiNOT). 
In  t}ie  glands  it  undergoes 
fundii mental  changes.  In 
the  first  months  all  the  cavi- 
ties are  still  lined  with  it,  a 
condition  which,  on  account 
of  the  iucreaae  in  the  size 
the  cavities,  pi'exupposex  ati 
Hctive  cell-growth.  Mean- 
while the  originally  elongate 
cylindrical  cells  are  in  part 
converted  into  small  cubical, 
in  part  in  hi  small  flat  struc- 
tui'es,  except  in  the  portions 
■>f  the  glands  which  adjoin 
thi'  ni  unci  liar  membrane. 
The  <.-ells  here  pi'eeerve  more 
or  less  their  normal  form  up 
to  the  end  of  pregnancy,  and 
Miibsequentiy  serve  for  the 
i-egeneration  of  the  epitholl»l 
lining  of  tlie  mucouR  mem- 
brane of  the  uterus. 

In   the  fourth   and   fifth 


Tig.   iw.- 
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fiiucieUhn]»d  mooUia  of  tlK  ut 
Klamln:  r.  onbirged  n0im;  tik. 
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mth?  one  still   linds  all  cavitira  up  to  the  luoiitb  o!  the  glandn 
|liB^  with  a.  thin  layer  of  cubical  or  Aat  epitLelial  celK 

Likewise   tn  tlie  first  atngL-  there  cxs'ure  in  tUo   iut^T-glnmluiar 


I  tlGsne  an  active  process  of  growth,  espei^ially  in  thi?  upper  compact 
I  laym-.  In  thia  there  are  formed  spheroidal  nti-ucturea,  30  to  40  n 
B  diameter,  which  have  been  called  (kcidual  oella  by  FniEDUiHOER. 
I  In  many  places  they  He  so  close  together  that,  as  a  consequence 
t  and  because  of  their  form,  they  apjtear  v/ry  similar  to  an  ppitheliwm. 
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They  are  also  found  in  the  spongy  layer,  but  in  the  cords  and  septa 
they  are  more  elongated  and  spindle-shaped. 

In  the  second  stage^  from  the  sixth  monUi  forward^  in  which  tJie 
decidua  vera  becomes  mucli  thinner,  and  under  the  pressure  of  the 
growing  fcetus  gradtwUy  diminishes  from  1  cm.  to  2  mm.  in  thickness^ 
many  regressive  processes  take  place  in  the  individual  parts  that  Juive 
just  been  described  (^g.  147). 

The  mouths  of  the  glnndSy  which  caused  the  sieve-like  condition  of 
the  inner  surface  of  the  decidua,  become  more  and  more  difficult  to 
see  and  finally  disappear  altogether. 

ITie  inner  compact  layer  {C)  assumes  a  uniform,  compact,  lamellar 
condition,  since  by  the  pressure  the  cavities  of  the  glands  occupying 
it  become  wholly  obliterated,  and  then  by  disappearance  of  the  epithe- 
lium their  walls  become  fused. 

In  the  spongy  layer  (Sp)  the  cavities  of  the  glands  (dh)  persist, 
but,  in  consequence  of  the  pressure,  are  converted  into  fissures,  which 
are  parallel  to  the  wall  of  the  uterus,  and  are  separated  by  partitions 
which  in  comparison  to  earlier  months  of  pregnancy  have  become 
very  much  thinner.  The  glandular  cavities  which  are  adjacent  to 
the  compact  layer  have  lost  their  epitheliwn  or  exhibit  cellular  debris 
(de)f  swollen  bodies,  and  a  slimy  mass  permeated  with  fine  granules ; 
toward  the  uterine  musculature,  on  the  contrary,  they  possess  a  well- 
preserved  epithelium  of  short  cylindrical  or  cubical  cells. 

(2)  The  decidua  reflexa  (fig.  148  Dr)  exhibits  close  agreement  in  its 
structure  with  the  decidua  vera.  That  it  has  arisen  from  the  latter 
by  a  process  of  folding  may  be  inferred,  as  Kundrat  has  rightly 
maintained,  especially  from  the  circumstance  that  during  the  first 
months  of  pregnancy  the  mouths  of  uterine  glands  {glu),  at  least 
at  the  place  of  transition  to  the  vera,  are  found  upon  both  its  sur- 
faces. The  mouths  lead  into  fissures  (glu)  which  are  parallel  to  the 
surface  of  the  rettexa  and  are  lined  with  cuboidal  epithelium.  In 
the  inter-glandular  tissue  there  appear  the  same  large,  round  decidual 
cells  as  in  the  vera. 

From  the  fifth  month  forward  the  space  between  vera  and  reflexa 
begins  to  disappear ;  both  membranes  now,  after  loss  of  their  epithe- 
lium, become  firmly  pressed  together,  and  finally  completely  fused 
with  each  other  (fig.  147).  By  this  process  the  reflexa,  from  which 
the  glandular  spaces  disappear  except  in  the  transitional  region, 
becomes  so  extraordinarily  thinned  that  it  constitutes  [in  sections] 
only  a  narrow  band,  occasionally  |  mm.  broad. 

A  separation  of  the  two  membranes  at  the  clasc  of  pregnancy 
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is  very  difficult,  but  occasionully  it  may  isliU  be  accomplii^hed  to  ttome 
ext«Dt. 

Moreover  in  later  montlm  the  ineide  of  the  decidua  raflexa  is 
lirmly  fosed  with  the  chorion,  and  mnce  the  chorion  iu  ite  turn  is  in 
contact  with  the  amniou  (fig.  147  cA  and  am),  one  now  comee,  by 


Flf.  Ul.-B«tlgn  Umnfb  dwidu 

idoa  IDr),  tHier  KcKDniT  tine  EnnKIXis 
jr.  H  tmcuUtnra  of  tha  ntwiu;  *^,  iLhiDBy  lajfli 


(QiOat  Iba  MuitiM  lata  d> 


cutting  thi-ough  the  mnecular  wall  of  the  nt^rua,  nnd  then  opening 
the  fiet»i  membranea,  which  are  thuii  preesHl  together,  tUrectly  into 
the  amniotic  cavity,  in  which  the  embryo  lies  bathol  in  the  nmmotic 
fluid. 

(3)  The  third  rej^ott  of   the  uterine  mucous  membrane,  or  the 
deeidua  setvtina  (fig.   148  Dsei,  in  that  part  which  joiuG  with  the 

17 


S58  EMBRYOLOGY. 

chorion   frondosum  to  form   a  nutritive  organ  for  the  embryo, — 
the  after-birth,  or  placenta. 

According  to  the  statements  of  Kundrat  and  Leopold  it  under- 
goes changes  similar  to  those  of  the  decidua  vera.  Here  also  the 
uterine  glands  grow  rapidly  in  its  deeper  portions  (fig.  148)  and  are 
converted  into  irregular  spaces  {dh)y  which  are  from  the  beginning, 
however,  most  extended  in  breadth.  Subsequently  they  are  crowded 
together  still  more  by  the  pressure  and  the  growth  of  the  placenta 
until  they  become  narrow  fissures  which  lie  parallel  to  the  surface 
of  the  uterus. 

The  glandular  epithelia  disintegrate  to  a  still  gi*eater  extent  than 
in  the  vera,  and  by  disintegrating  and  swelling  up  become  detached 
from  the  connective-tissue  walls ;  only  those  regions  of  the  glands 
which  are  adjacent  to  the  muscular  layer  (li)  retain  their  cylindrical 
cells. 

In  this  pi*esentation  K  undrat  and  Leopold  disagree  with  K5lliker 
and  with  Turner,  who  likei^ise,  it  is  true,  find  great  spaces  in  the 
deeper  layer  of  the  serotina,  but  interpret  them  for  the  most  part 
as  greatly  enlarged  blood-vessels,  an  assumption  according  to  which 
there  would  exist  an  important  difference  between  the  serotina  and 
the  vera. 

In  the  superficial  layer  the  outlets  of  the  glands  must  disappear 
early,  since  they  become  pi-essed  together.  Besides,  more  active  cell- 
proliferation  takes  place  in  the  inter-glandular  tissue. 

Therefore  the  decidua  serotina  (fig.  148  Dse)  is  also  converted 
into  two  readily  distinguishable  layers  : — 

(1)  A  deeper  spongy  Liyer  {Sp),  in  which  the  detachment  of 

the  placenta  subsequently  takes  place,  and 

(2)  A  superficial,  more  compact  layer  (C).   The  latter  alone  shares 

in  the  formation  of  the  placenta,  and  is  accordingly  called 
the  placenta  lUerhui  (or  materiia).     It  undergoes  from  the 
second  month  forward  more  profound  alterations. 
We  hhall  become  acquainted  with  these  in  the  description  of  the 
placenta,  to  which  we  now  pjiss. 

5.  The  Placenta. 

The  placenta  is  a  very  vasc^dar,  and  when  filled  a  spongy  or  doughy, 
disc-shaped  structure,  which  at  the  height  of  its  development  mea- 
sures 15  to  20  cm.  in  diameter  and  is  3  to  4  cm.  thick.  Its  weight 
reaches  somewhat  more  than  a  jx)und  (500  grammes).     The  surface 
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irhich  Li  turned  toward  the  embryo  is  concave  (tigc.  139  and  143) 
and  altogether  smooth,  nince  it  possesses  ft  covering  of  the  amnion 
(am)  ;  the  surfiice  which  repose'^  on  the  wall  of  the  uterua  is  convex, 
after  its  detachment  at  birth  feels  uneven,  and  is  divided  by  deep 
furrows  into  separate  lobes  or  cotyledons. 

The  normal  position  of  tlie  placenta  is,  in  the  majority  of  cases, 
at  the  fundus  uteri,  where  it  is  sometimes  developed  more  to  the 

■  left  side,-  sometimes  moi'e  to  the  right.  Consecjuently  the  opening 
of  one  or  the  other  of  the  FuUopian  tubes  may  he  covered  and  sealed 
by  it. 

In  rare  cases  the  placenta,  instead  of  being  attached  to  the  fundus, 

I  is  united  to  the  wall  of  the  uterus  nearer  its  mouth  [os  uteri].  This 
results  from  the  faut  that  the  fertilised  egg,  when  it  passes  from  the 
Fallopitin  tube  into  the  cavity  of  the  uterus,  sinks  down  farther 
owing  to  ubnormal  conditions,  instead  of  attaching  itself  at  once  to 
the  mucous  membrane. 

Occasionally  the  attnchment  takeu  place  quite  low,  in  the  immediate 
vicinity  of  the  inner  mouth  of  the  uterus.  In  this  caise,  as  the 
placenta  with  the  growth  of  the  foetus  extends  itself,  it  grows  either 
partly  or  wholly  over  the  mouth  of  the  ut«rus,  and  closes  it  more 
or  lea^  completely.  This  anomaly  is  known  as  placenta  prceoia 
(lateralis  or  centralis)  and  presenU  a  dangerous  condition,  because 
the  regular  progress  of  birth  is  disturbed. 

In  consequence  of  Cbe  low  position  ot  the  ploconta  perilous  bleeding  is  pco- 
ducctl.  rither  during  pr^nanc;,  or  at  least  at  the  b^inning  at  labor  pains, 
because  the  placenta  detaches  itself  from  the  wall  of  the  utenis  premtttnrel;. 
whereby  largo  blood-vessels  are  taptnred  and  laid  open. 

Id  the  investigation  of  the  finer  structura  of  the  placenta  serious 

I    obstacles  are  encountered,  since  it  is  a  very  soft  organ  traversed  by 

I   numerous  capacious  blood-vessels.     Therefore  veiy  contradictory  views 

still   prevail   concerning  many   points   whicli  are   of   the  greatest 

importance  in  judging  of  the  structure.     It  does  not  appear  to  me 

passible  to  give  at  present  a  final  opinion  upon  these  points. 

In  the  description  it  is  liest  for  us  to  start  with  the  fact  that  the 

I   placenta,  as  was  previously  stated,  is  composed  of  two  parts,— of  one 

part  which  Li  furnished  by  the  embryo,  and  another  pai't  which  is 

I  produced  by  the  mother, — the   placenta   fcetalis   and  the  placenta 

uterina  (Plate  II.}. 

The  plueentri /feddig  is  the  part  of  the  chorion  (chorion  fixindosum) 
I  which  is  thickly  covered  with  much-branched  villi.  The  villi  (2), 
I  united  iuto  great  tufts  or  cotyledons,  elevate  themselves  fiom  a  firm 
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membrane,  the  nvemhrana  chorii  (m),  in  which  the  chief  branches 
of  the  umbilical  arteries  and  veins  take  their  course.  They  consist 
of  (1)  large  main  stems  {z)j  which  grow  straight  out  from  the  mem- 
brana  chorii,  and  the  ends  of  which  {h^)  sink  into  and  firmly  unite 
with  the  placenta  uterina,  which  faces  them,  and  (2)  numerous  lateral 
branches  (/)  which  arise  on  all  sides  at  right  angles  or  obliquely, 
and  which  are  in  turn  covered  with  fine  twigs.  A  small  part  of 
these  (h*)  also  fuse,  by  means  of  their  tips,  with  the  tissue  of  the 
placenta  uterina  (Lanohans),  so  that  a  separation  of  the  foetal  and 
•  the  maternal  portions  can  be  accomplished  only  by  forcible  detach- 
ment. KoLLiKEB  has  therefore  appropriately  divided  the  branches 
of  the  chorionic  villi  into  roots  of  cMachmerU  (A^  A')  and  free  pro- 
CS88e8  (/). 

To  each  arborescent  chorionic  villus  there  goes  a  large  branch  of 
an  umbilical  artery,  wliich,  corresponding  to  the  ramifications  of  the 
former,  is  divided  up  into  branches ;  the  capillary  networks  which 
arise  fi-om  this  are  situated  quite  superficially  immediately  under 
the  epithelium  of  the  villi.  From  this  network  the  blood  is  collected 
into  vessels,  leading  from  the  villi,  which  are  again  united  into  a 
single  chief  stem  that  emerges  from  the  chorionic  tuft. 

Consequently  tfie  vascular  system  of  ike  placenta  fcntalis  is  entirely 
closed.  A  direct  mingling  of  the  foetal  and  maternal  blood  cannot 
take  place  in  any  manner ;  on  the  other  hand  the  prerequisite  for 
an  easy  exchange  of  fluid  and  gaseous  components  of  the  blood 
is  furnished  by  the  very  superficial  position  of  the  thin-walled 
capillaries. 


Plate  II. 


Dlagraviinatic  section  through  the  human  placenta  at  the  middle  of  the  fifth 
month,,  after  Leopold. 

The  musculature  of  the  uterus  is  followed  by  the  spongy  layer  of  the  decidna 
serotina  («;^),  in  which  the  separation  of  the  placenta*  takes  place  at  birth 
along  the  line  of  separation  indicated  by  two  heavy  marks ;  this  is  followed 
by  the  compact  layer  ( CS)^  which  is  thrown  off  at  birth  as  the  placenta  uterina, 
and  which  consists  of  the  (Winkleb's)  basal  plate  (BP)^  closing  plate  (Schluss- 
platte)  iSP),  cavernous  blood-spaces  (r),  the  arteria  advehentes  (a),  and  the 
marginal  sinus.  The  placenta  foetalis  has  grown  into  the  placenta  uterina; 
it  consists  of  the  membrana  chorii  (m)  and  the  villi  (z)  arising  from  it ;  on 
the  latter  are  to  be  distinguished  the  roots  of  attachment  (h\  h*)  and  the  free 
processes  (/).  [ep,  Fcetal  epithelium  derived  from  the  serosa.]  The  chorion 
is  still  covered  internally  by  the  amnion.  [The  foetal  part  of  the  placenta  is 
reproduced  in  blue,  the  maternal  part  in  black  and  brown  ;  pink  indicates  the 
blood-spaces.] 
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Thft  con-neclive  mbitoTux  of  the  chorionic  viUi  in  gelntinoiu  tiBsue 
witb  stellate  iin<l  spindle-shniieii  cells  in  the  tmer  hrtinches;  in  the 
btrger  stems  it  tnkex  on  a  more  fibrillftr  condition. 

The  views  of  invetitigators  are  still  at  variance  upon  the  important 
point  wiiether  the  ejtUhelium  of  lh«  meijtbrana  chorii  <nul  the  villi  is 
nf  fnrtnl  or  maternal  on;<iii.  Koi.LiKBB,  Langhans,  Leopold,  and 
othent  derive  it  from  the  cells  of  the  serosa,  wheresa  Ercolani  .iiid 
TcHNER,  whom  Balfoub  has  followed  in  his  text-book,  state  more 
or  lesft  explicitly  thnt,  although  originally  the  cells  of  the  serosa 
cover  the  villi  as  an  epithelium,  during  the  mutual  intergrowth  of 
the  placenta  fmtalia  and  the  placenta  uterina  they  periah,  and  are 
replaced  by  proliferating  cell.t  of  the  ilecidua  serotina, 

The  recent  investigations  of  Kastschekku  and  Sedgwick  MtNOT, 
aa  well  as  the  observations  of  Waldkybr,  Kupffeb,  Graf  Spbk, 
and  Keibbl,  afTord  much  enlightenment  on  thi^  controveit«ial 
Bubjoct. 

Kastschbnko,  who  has  most  carefiJIy  iiivoatigated  the  epithvlitim 
of  the  chorion  frondo«nm  in  the  dilterent  months  of  pregnancy, 
and  with  whom  recently  S.  Minor  essentially  agrees,  can  readily 
distingouh  two  layers:  (!)  a  cell-Iaj-et  (Langhans),  which  lies 
immediately  upon  the  gelatiooua  substance  of  the  villi  and  the 
oonnective-tiEsue  memhrana  chorii,  and  in  which  the  limit-s  of  some 
c^  the  cell-l«rritories  may  be  made  out,  and  (2)  a  multinuclear 
protoplasmic  layer,  in  which  separate  cells  catinot  be  demonstrated 
in  any  mnnuer.  These  layers  are  rather  sharply  contrasted  from 
ea«h  other. 

The  double-layered  chorionic  epitheliutn  ia  alieady  distinctly 
present  in  eggs  four  weeks  old,  as  is  confirmed  by  Ki'PPFEE,  Geaf 
Spkk,  and  Keibel.  The  deepei'  layer  consists  of  a  i^ingle  sheet  of 
well-marked  cubical  cells ;  the  outer  layer  discloses  at  the  free  surface 
a  striated  bonier,  the  significance  of  which  is  obscure. 

In  the  foUowing  months  ihe  chorionic  epithelium  undergoes  note- 
worthy alterations.  The  deeper  layer  becomes  thickened  in  many 
places  into  special  cell-patch&<,  in  which  the  elements  are  much  super- 
posed.     The    outer,    protoplasmic   layer  changes   still    more ;    it  is 

iverted  into  a  hyaline,  peculiarly  hiBtrous  substance,  which  is 
traversed  by  numerous  fiainres  and  spaces,  and  has  therefore  received 
from  Langhans  the  name  "canalised  fibrin." 

There  is  one  conclufdon  that  in  my  opinion  re«ulte  from  these  inves- 
tigations ;  the  view  of  Turner,  according  to  which  the  chorionic 
epithelium   is  replaced   in    the  course   of     pregnancy    by    uterine 
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epithelium,  must  be  abandoned.  The  chorionic  epithelium,  which  is 
derived  from  the  serosa,  is  preserved  ;  it  constitutes  in  any  event  the 
deeper  layer,  com}X)sed  of  epithelial  cells,  which  lies  immediately  on  the 
membrana  chorii  or  the  gelatinous  tissue  of  the  villi.  Perhaps  thtnv 
belongs  to  it  in  addition  the  so-called  protoplasmic  layer  and  the 
canalise<l  fibrin.  How(»ver,  the  sources  and  significance  of  these 
structures,  especially  the  latter  suljstanoe,  appear  to  me  to  be  1«^ 
satisfactorily  explained,  and  to  be  in  need  of  still  further  investiga- 
tions, in  which  the  question  of  its  origin  from  the  maternal  mucosa  is 
not  to  be  overlooked.  For  even  if  Turneb  has  erred  in  regard  to 
the  degeneration  of  the  chorionic  epithelium,  he  is  probably  in  the 
right  in  the  second  point,  that  the  whole  surface  of  the  chorion 
frondosum  is  directly  invested  by  a  layer  of  maternal  tissue. 

The  connective-tissue  framework  of  the  chorion  frondosum,  then, 
is  provided,  as  I  think  must  be  assumed,  with  a  double  investment : 
(1)  with  a  fa^tal  epithelium,  derive<l  from  the  serosa,  and  (2)  with 
a  layer,  however  thin  it  may  be,  of  maternal  tissue. 

I  shall  endeavor. to  establish  this  view  in  now  turning  to  the 
discussion  of  the  placenta  uterina,  the  structure  of  which  likewise 
presents  great  difiiculties,  and  is  therefoi*e  interpreted  in  very  dif- 
ferent ways. 

The  pl^icenta  tUei*ina  is  developed  out  of  the  part  of  the  uterine 
mucosa  designated  as  decidua  serotina  (fig.  148  Dse).  At  birth  it 
detaches  itself,  Uke  the  corresponding  part  of  the  decidua  vera,  from 
the  inner  surface  of  the  womb  at  the  line  of  separation  shown  on 
Plate  II.,  by  the  breaking  down  of  the  thin  connective-tissue  septa  of 
the  underlying  spongy  layer.  It  then  forms  a  thin  membrane  of  only 
0*5  to  1  mm.  thickness,  the  baaal  plate  of  Winkler  (Plate  II.  BP), 
and  forms  a  complete  investment  over  the  placenta  foetalis,  which 
it  covei-s  up  at  the  time  of  the  detachment  of  the  f(Ptal  membranes. 
At  the  margin  it  is  directly  continuous  with  the  vera  and  reflexa 
(fig.  148). 

The  surface  turned  toward  the  wall  of  the  uterus  is  divided  by 
deep  furrows  into  separate  divisions.  Larger  and  smaller  par- 
titions, the  septa  placenta*  (figs.  139  and  143),  coiTOsponding  in 
position  to  the  furrows,  arise  from  the  opix)site  surface  of  the  mem- 
brane and  penetrate  in  between  the  choritmic  villi  (fig.  liB  z);  they 
always  unite  a  small  number  of  these  into  a  tuft  or  a  cotyledon.  If 
we  imagine  the  cotyledons  wholly  removed,  there  would  be  formed 
in  the  placenta  uteiina  a  corresponding  number  of  irregular  com- 
partments.    These  are  in  turn  subdivided  into  smaller  and  more 
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shallow  compartments  by  finer  connective-tissue  outgrontha  from 
tlip  membrane  anii  the  septn, 

Tlie  edges  of  the  scjjta  do  not  reach  W)  the  roots  of  the  lilli  in 
the  roiilille  of  the  plfwenta,  hut  only  in  a  narrow  peripheriil  r^ion, 
where  they  eonie  into  immediate  contact  with  the  meinbrnna  chorii 
(FInM  11.  m),  anil  are  joined  together  nnilemeath  it  into  a  thin, 
closely  applie<l  memhmne,  which  in  piercetl  by  the  root*  of  the  villi, 
Tliis  hus  hcen  callal  hy  Winkler  dotting  plate  (Schlnssplatte,  SP), 
by  KiiLUKEn  decidwa  placentaliu  snhchorialii».  Still  more  appro- 
priate IB  the  term  employed  by  Waldevbb,  subchorial  terminiil  ring 
(Bch Insuring),  because  it  ia  thereby  niated  that  the  membrane  in 
question  is  present  only  at  the  margin  of  the  placenta,  leaving  the 
middle  area  of  the  chorion  free. 

The  counective-tLMHue  framework  of  the  placenta  uterina  poseeaseit 
ill  general  the  propertit'si  of  the  compact,  ahunihintly  cellular  layer 
of  the  decidua  vera  and  reliexa,  but  exhibits  one  peculiarity  in  the 
pi'eeence  of  a  very  spvcinl  form  of  cells,  the  so-called  </iant  oeUe. 
These  are  large  miuwes  of  proloplatm  appearing  yellowish  grey,  and 
with  from  ten  to  forty  nuclei ;  they  begin  to  de^■el^H)  in  the  fifth  month, 
and  are  found  in  the  after -birth  in  great  nnmhers  ;  they  lie  jmrtly 
in  the  basal  plate,  [lartly  in  the  septa,  ordinarily  in  the  immediate 
vicinity  of  large  blood-vessels ;  but  they  ai'e  also  found  isolated  in 
the  spong}'  layer  of  the  decidua  serotina  and  even  between  the 
adjacent  muscle-bundles  of  the  uterus. 

The  gi'eat«st  difficulties  in  the  investigation  of  the  placenta  uterina 
are  caused  by  its  blood -courses.  Numerous  spirally  twisted  arterial 
stems  (Plate  II.  a)  penetrate  tlu'ough  the  muscular  layer  of  the  womb, 
and,  passing  thixiugh  the  spongy  layer,  reach  the  basal  plate  of  the 
placenta  uterina,  where  their  structure  undergoes  important  changes. 
For  they  here  lose  their  muscular  layer,  and  now  appear  (\ii  large 
tabes,  lined  with  endothelium  only.  From  the  basal  plate  they 
penetrate  in  part  into  the  septa  placentte.  From  here  they  are 
not  to  be  followed  further  as  closed  vessels  ;  n  trtMmtion  to  capiUariea 
does  not  take  place  anijwkere.  On  the  contrary,  it  can  he  proved  that 
through  openings  in  the  basal  plat*  and  the  septa  they  pour  their 
blood  into  a  system  of  cavities  between  the  chorionic  vilU,  i.e.,  into 
tlie  inlervithus  or  iiUraplaoenlal  spaeeg  (c).  The  latter  are  hounded 
on  the  one  side  by  the  membrana  chorii  (m)  with  its  villi  (2),  on  the 
the  other  side  by  tlie  basal  plate  {BP)  with  its  septa. 

The  blood  is  collected  from  this  system  of  cavernous  spaces  into 
large  veins,  which  are  likewi>*  simply  tubes  lined  with  endothelium. 
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These  are  distributed  as  a  network  in  the  septa,  as  well  as  in  the  basal 
and  closing  plates  of  Winkler,  and  they  begin  with  narrow  openings, 
which  connect  with  the  intervillous  spaces.  At  the  margin  of  the 
placenta  they  are  joined  together,  and  thereby  produce  the  marginal 
shifts  (Plate  II.),  or  the  ring-like  dnvs  of  the  placenta.  This,  however, 
is  not  to  he  regarded  as  a  vessel  of  uniform  calibre,  but  as  a  system 
of  irregular  spaces  joined  together. 

In  virtue  of  the  conditions  described,  the  chorionic  villi  are  directly 
bathed  by  the  matem&l  blood.  At  the  same  time,  from  what  has 
already  been  said,  it  is  to  be  seen  that  the  motion  of  the  blood  is 
retarded,  owing  to  the  great  enlargement  of  the  blood-courses,  and 
that  it  is  irregular,  corresponding  to  the  form  of  the  intervillous 
spaces.  In  general  the  motion  of  the  blood  is  from  the  middle  and 
from  the  convex  side  of  the  placenta,  where  the  arteries  chiefly  enter, 
toward  its  concave  surface  and  its  margin. 

The  question  as  to  the  significance  and  the  origin  of  the  inUrvilUms 
Uood'Spaces  constitutes  the  key  to  the  comprehension  of  the  structure 
of  the  placenta. 

According  to  one  view,  which  for  a  long  time  was  the  dominant 
one  in  Germany,  and  is  defended  by  K5lliker,  Lanohans,  and  others, 
the  intervillous  spaces  originally  have  no  connection  with  the  maternal 
blood-system.  Developmentally  they  are  nothing  but  spaces  between 
chorion  and  uterine  mucosa,  and  owe  their  existence  to  the  fact  that 
the  two  structures  have  not  everywhere  come  in  contact,  but  have 
acquired  firm  connection  only  by  means  of  the  tips  of  the  %nlli.  The 
spaces  in  the  earliest  stage  would  be  bounded  by  the  epithelium  of 
the  villi  and  the  maternal  mucosa.  Lanqhans  therefore  designates 
them  as  placental  sjmoes.  Accoi*ding  to  this  view  they  would  acquire 
their  blood-contents  later  only,  and  in  this  way,  as  K6lliker  ex- 
presses it :  "  The  proliferating  chorionic  villi  everywhere  corrode, 
and  in  part  destroy  the  maternal  placental  tissue,  and  thus  produce 
an  opening  of  their  vessels,  which  must  naturally  lead  to  a  gradual 
penetration  of  the  maternal  blood  into  the  inter\nllous  spaces." 


This  view  has  been  moflified  by  other  observers  (Bbaxton  Hicks,  Ahlfeld, 
Kuoe,  and  others)  to  this  extent,  that  the  intervilloos  spaces,  even  in  the 
mature  placenta,  do  not  normally  contain  blood  nor  have  connection  with 
the  maternal  blood-vessels.  The  almost  universally  received  views  concerning 
placental  nutrition  are  thus  called  in  question.  The  denial  of  a  regulated 
blood-circulation  has  induced  the  further  hypothesis,  that  a  uterine  milk, 
as  in  the  Buminants,  is  secreted  by  the  cells  of  the  decidua  serotina  into  the 
intervillous  spaces,  and  is  taken  up  by  the  foetal  villi. 
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According  to  the  second  diametricaUy  opposite  vieir,  which  finds  its 
defeDdeiK  in  Virohow,  Turker,  Ehcowsi,  Leopold,  Waldbtbe,  and 
othei-s,  the  hUen-illova  s/mee*  arr  itoUiiitii  e/st  thnn  tht  enormtnielij 
enlarged  aipUl/ii-i/  hlooil-rfSKeh  of  the  mattmial  mvcomi.  Chorion  ami 
decidtm  spi-otina  early  v\\\{«  very  intimately  by  lueans  of  their  snr- 
faces,  Nolhnt  no  fiasurPH  are  left  between  theui.  The  villi  grow  into 
the  miieouH  tissue,  the 
fl\i  pert!  rial  cnpillaries  of 
which  enlarge  to  capa- 
cious Bpacea. 

If  this  Wew  is  cor- 
rect, the  chorionic  villi 
will  neceaaarily  be  xur- 
ronnded  on  all  sides  by 
thin  coverings  of  mu- 
Lernal  tissue,  or,  Kinco 
a  partial  degeneration 
of  the  covering  would 
certainly  be  possible, 
there  will  of  necessity 
be  at  least  a  stage  in  the 
development  in  which 
such  a  covering  will  be 
demoni^trable. 

Ercolani,  Rown, 
and  TuBDER  have  in 
fact,  aa  has  been  pre- 
viously stat«d,  exprewted 
themselves  to  the  elleet 
that  probably  the  epi- 
thelial layer  renting 
npon  the  connective- 
tiSHue  axis  of  the  villi 
is  not  the  original  chori- 
onic epithelium  derived  from  the  seroaa,  but  a  covering  which  arises 
from  the  decidua  placentnlis — a  view  the  untenableness  of  which  has 
already  been  shown. 

In  the  diagram  which  Ti^rner  has  sketched  to  illustrate  his  view 
of  the  structure  of  the  human  placenta  (fig.  149)  the  real  original 
villous  epithelium  is  degenerated. 

The  cell-layer  e'  is  the  epithelium  of  the  uterine  mucosa,  into  which 
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the  villouB  tufts  (F)  have  grown,  and  with  which  the  most  intimate 
contact  everywhere  prevails  Outside  the  epithelium  Turner  de- 
scribes in  addition  a  thin  membrane  (x\  which  he  interprets  as  an 
exceedingly  thin  conne(»tive-tissne  layer,  upon  whicli  Is  probably  to 
be  found  an  endothelial  covering  which  lines  the  blood-spaces.  The 
cords  indicated  by  t  are  connective-tissue  strands  of  the  maternal 
mucosa,  wliich  join  the  tips  of  certain  frptal  villi  with  the  septa 
placentie  (th),  l>y  wliich  t\w  origin  of  the  so-called  attAchment- 
roots  (Ilaftwurzeln)  is  explained.  The  great  blood-spaces  d'  are 
simply  enormously  enlarged,  superficially  located  capillaries  of  the 
mucosa. 

The  exact  determination  of  the  true  state  of  affairs  is  coupled  with 
great  difficulties. 

However,  it  seems  to  me  that  the  second  of  the  two  hypotheses 
cited,  according  to  which  the  intervillous  spaces  are  the  enlarged 
maternal  capillaries,  is  the  more  probable  because  the  more  natural, 
and  the  following  facts  especially  appear  to  me  to  favor  it : — 

(1)  From  a  comparative-anatomical  point  of  view  it  can  be  main- 
tained that  in  all  Mammals  where  a  special  adaptation  to  intra-uterine 
nutrition  is  developed,  the  epithelial  surfaces  of  the  chorion  and  the 
mucous  menibrjine  of  the  uterus  lie  dii*ectly  on  each  other,  and  with 
the  increase  of  surface  produced  by  the  formation  of  folds  effect 
mutual  ingrowth.  An  intra-placental  fissure,  such  as  Langhans 
and  KoLLiKER  assume  for  Man,  is  found  nowhere  else  among 
Mammals.  We  also  see  in  some  instances  how  the  capillaries  of 
the  uterine  mucosa  become  enlarged  and  acquire  attenuated  walls 
(Rodents,  Carnivora,  etc.),  so  that  the  foetal  villi  are  almost  directly 
bathed  in  maternal  blood.  The  enlargemerU  of  the  blood -courses  in 
Man  may  there/ore  be  regarded  as  a/urther  elahoration  (^  an  already 
existing  arrangement, 

(2)  That  capillaries  become  metamorphosed  into  a  cavernous 
system  is  also  realised  in  other  parts  of  the  human  body  (corpora 
cavernosa  of  the  sexual  organs),  whereas  the  employment  of  spaces 
lying  outside  the  blood-courses  as  component  parts  of  the  vascular 
system  would  be  a  phenomenon  without  analogy. 

(3)  In  the  placenta  uterina  the  capillaries  originally  present  are 
wanting  between  the  arteries  and  veins,  whereas  they  ought  to  l)e 
demonstrable,  if  they  have  not  been  converted  into  the  intervillous 
spaces. 

(4)  The  exposition  which  Leopold  has  given  of  the  development 
of  the   placenta   in   the   second   month   of  pregnancy   favors  the 
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second  of  the  hypotheses  cited.  "  Villi  and  the  tissue  of  the  deddua," 
he  sflyc,  "  become  Hh'weil  into  ench  other,  as  oue  cim  interlock  the 
outsprflfui  iin^rs  of  the  two  hands,  If  now  the  blood -vessels  of  the 
seratina  be  followed,  one  will  recognise  here  the  greatly  enlarged 
cnpillary  network  of  the  surface,  upon  which  the  egg  comes  to  lie 
when  it  loilge*.  But  its  inunmemble  vesiwlw  apparently  continue 
with  the  Hprouts  of  tJie  decidna  to  grow  towni-d  the  villi,  and 
become  distended  and  more  voluminouH  ;  on  the  other  hand  the  villi 
increase  rapidly  in  sixe,  and  thus  it  in  intelligible  that  the  new 
branches  of  the  villi,  whose  steins  have,  as  it  were,  sucked  themselves 
fast  in  the  decidna  by  means  of  their  tips,  at  once  encounter  the  en- 
larged capillaries  of  the  surface,  and  prew;  forward  against  these  and 
break  into  them." 

The  weightiest  objection  that  can  be  brought  agninfit  this  inter- 
pretation Ik  the  assertion  of  many  inveHtigatoi'H  that  the  chorionio 
villi  are  not  covere<l  with  a  mantle  of  maternal  tissue,  and  that  the 
intervilloua  spaces  are  not  lined  with  vascular  endothelium.  How- 
ever, it  is  precisely  upon  this  point  that  mor«  exhaustive  and 
especially  outological  investigationB  ai-e  desirable.  For  one  ia  not 
at  liberty  to  draw  conchisiona  from  the  conditions  of  "delivered" 
plocentte,  since  degeneration  may  have  taken  place.  Moreover 
Tdhner  and  Leopold  claim  to  hare  demonstrated  endothelia  at 
certain  places  of  the  intervillous  spaces.  But  Bnpecially  decisive 
here  appeal-  to  me  to  !«,  first,  the  important  investigations  which 
Waldeteb  lia^  recently  publislied  upon  the  placental  circulation  in 
Man,  and,  secondly,  Keibel's  very  noteworthy  preliminary  commu- 
nication upon  the  embryology  of  the  liiiman  placenta, 

Waldeybr  has  injected  the  maternal  blood-vessebi  of  placenta 
which  Htill  possessed  their  normal  attachment  to  the  uterus,  and  ha? 
prepared  sections  through  the  liai-dened  organ.  He  finds  that  the 
iutervillouB  spac««  are  nothing  else  than  the  enormously  enlarged 
maternal  blood-vewels,  and  that  at  many  places  there  is  still  prefient 
outaide  the  villous  epithelium  a  layer  of  Hat  celts,  which  he  ik  inclined 
to  interpret  as  vaMtnlur  endothelium.  He  appi-opriately  compares 
the  intrusion  of  the  chorionic  villi  into  the  intervillous  blood-spaces 
with  the  ingrowth  of  the  arachnoiileal  villi  into  the  blood-sinus  of 
the  dura  mater,  carrying  before  them  invaginationt!  of  the  endothelial 
covering  of  the  latter, 

Keibei.  liaii  investigated  by  means  of  sections  a  well  prenerved 
and  prepared  human  embr>o,  which  waa  in  aliout  the  middle  of  the 
fourth  week.     He  saw  the  villi  (fig.   150  ;?),  which  were  provided 
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with  numerous  secondary  sprouta  and  were  clothed  in  a  two-layered 
chenonic  epithelium,  already  attached  by  their  tips  in  the  maternal 
tissue  (attachment  villi),  and  also  the  inUrvillov^  spacet  Jilltd  tmlh 
matental  blood.  Rjit  Uti»  inas  diatiiu^y  separaUd  from  tie  chorionic 
epithelium  by  a  9}>ecial  thin  cdhilar  membrane  (S).  ThU  memhrane 
consisted  of  very  thin  endothelial  cells,  and  was  frequently  elevated 
--more  of  less  from  the  chorionic^  villi,  probably  owing  to  the  method 
of  preparation.  Keibei.  justly  concludes  from  the  establishment 
of  the  esiabince  of  an  endothelial  membrane  that  the  iiUervillout 
tpaeea  are  the  tnonnoudy  dilated  maUmal  capillaries. 

Between  the  chorionic  epithelium  and  the  walls  of  tlie  maternal 
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capillariee  Keibel  finds  no  further  remnant  of  maternal  tissue  in 
the  very  young  ovum.  Thin  would  indicate  an  early  and  complete 
disappearance  of  the  uterine  epithelium,  and  would  make  it  probable 
tbat  the  protoplasmic  layer  and  the  canalised  fibrin  described  at 
p.  261  are  to  be  derived  from  the  cell-layers  of  the  chorion,  a  mooted 
point  concerning  which  I  have  been  unable  to  form  a  definite  oinnion. 
Thus  the  observations  are  increasing  which  favor  a  special  limita- 
tion of  the  intervillous  spaces  and  the  existence  of  a  thin  layer  of 
maternal  tissue,  a  vascular  endothelium,  upon  the  villi. 

6.  Tke  Umbilioal  Cord. 

The  vmbiUcal  cord  (funiculus  umbilicalis)  constitutes  the  union 

between  the  placenta  and  the  embryonic  body  (fig.  143).    It  is  a  cord 
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about  ae  thick  as  the  little  fiiiger(l  1-13  mm,  or  0'5  inch},  and  attaints 
the  considemble  length  of  50  to  60  an.  (30-24  inches).  It  almost 
always  exhibib:!  a  very  pi'ouounced  spiral  twitt,  which,  regarded  from 
the  embryo,  ruiuj  usually  from  left  to  right. 

There  are  often  knot-like  thickenings  of  the  umbilical  cord,  which 
may  be  due  to  either  of  two  cavses.  For  the  most  part  they  are 
due  to  an  increiified  growth  here  and  there  in  the  connective  tissue 
matrix  ot  the  cord  (false  knots).  More  rai-ely  they  are  formed  by 
a  knotting  of  the  cord,  which  rMults  from  the  fact  that  the  embryo, 
in  the  motions  which  it  executeif  in  the  amniotic  fluid,  a«cideataily 
elips  through  a  loop  of  the  cord  and  then  gradually  tightens  it  into 
a  knot.  The  thickening  then  presents,  in  distinction  from  the  other, 
a  true  knot. 

The  attarhment  of  the  umbilical  cord  to  the  placenta  ordinarily 
takes  place  in  or  near  its  middle  (iruertio  oerUralia).  However, 
exceptions  to  the  rule  are  not  rara  Thus  one  distinguishes  in  addi- 
tion an  imertio  marghutlU  and  an  insertio  txlaaitentom.  In  the  Hrst 
case  the  umbilical  cord  unites  with  the  margin  of  the  placenta ;  in 
the  second  place  it  does  not  reaeh  the  placenta  at  all,  but  attaches 
itself  at  a  lesser  or  greater  distance  fi-om  the  margin  of  the  latter, 
to  the  fietal  membranes  themselves,  and  sendt  out  from  that  point 
the  outepreading  large  branches  of  its  vessels  to  the  placenta. 

Man  is  distinguished  from  almost  all  of  the  remaining  Mammals 
by  the  possession  of  a  long  slender  umbilical  cord.  Its  condition 
in  Man  results  from  the  great  distension  of  the  amniotic  sa<;. 
Whereas  this  at  tirst  lies  clo^e  upon  tlie  body  of  the  embryo,  it  sub- 
sequently becomes  so  distended  (compai*  fig.  H4  with  fig.  143)  that 
it  fills  the  whole  cavity  of  the  blastodermic  vesicle  and  everywhere 
clings  closely  to  the  innei'  surface  of  the  chorion.  Owing  to  this, 
the  remaining  stnictiires — the  yolkaac  with  its  blood-vessels,  the 
slender  canal  of  the  allantois  with  its  connective- tissue  envelope,  and 
the  umbilical  blood- ve-ssels — which  emerge  through  the  dermal  navel 
of  the  embryo  into  tlie  eitra- embryonic  body-cavity  and  betake 
themselves  to  the  chorion,  become  more  and  more  hemmed  in  by 
the  amnion,  and  finally  are  ci'owded  together  into  a  small  cord. 

At  6rst  the  umbilical  coi'd  is  short,  since  it  pursues  a  straight  course 
in  uniting  the  navel  of  the  embryo  to  the  foetal  membranes ;  after- 
wards it  becomes  gi-eatly  elongated  and  folded  in  the  amniotic  fluid. 

Its  structure  varies  at  different  times  during  pregnancy  corre- 
sponding to  the  changes  which  the  yolk-»ac  and  the  allantois  with 
their  bkxid-veissels  undergo. 
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I  shall  give  a  detailed  description  of  its  finer  structure  for  the 
end  of  pregnancy  only,  and  shall  consider  especially  the  following 
parts:  (1)  the  gelatin  of  Wharton,  (2)  the  umbilical  vessels,  (3) 
the  remnant  of  the  allantois,  of  the  vitelline  duct,  and  of  the  vasa 
omphalomeeenterica,  (4)  the  amniotic  sheath. 

(1)  The  gelatin  of  Wharton  forms  the  common  matrix  in  which 
the  remaining  parts  are  imbedded.  It  is  a  gelatinous  or  mucous  tis- 
sue. In  this  soft  gelatinous  substance  there  run  strands  of  connective- 
tissue  fibrillse  and  elastic  fibres,  which  are  the  scantier  the  younger 
the  umbilical  cord.  They  are  joined  together  into  a  network,  the 
meshee  of  which  are  narrower  at  some  places  than  at  others.  In 
this  way  there  are  formed  in  the  gelatin  numerous  firm  peculiarly 
differentiated  strands.  The  cells  of  the  gelatinous  connective  tissue 
are  partly  spindle-shaped,  partly  stellate  elements,  the  latter  with 
widely  branching  processes. 

(2)  The  mnbilical  blood-vessels  consist  of  two  large  arteries  (art. 
umbilicales),  which  conduct  the  blood  fi-om  the  embryo  to  the  pla- 
centa, and  a  capacious  vena  umbilicalis,  in  which  the  blood  flows  back 
to  the  embryo  after  having  traversed  the  placental  circulation.  The 
two  arteries  are  wound  spirally,  like  the  umbilical  cord  itself,  and 
are  joined  to  each  other  by  an  anastomosis  near  their  entrance 
into  the  placenta.  They  are  very  contractile,  and  exhibit  a  thick 
muscular  membrane  (tunica  muscularis),  consisting  of  circular  and 
longitudinal  fibres. 

(3)  The  canal  of  the  allantois  and  the  vitelline  duct,  which  are 
essential  components  of  the  umbilical  cord  during  the  first  months  of 
pregnancy,  subsequently  undergo  reduction,  and  are  present  at  the 
end  of  embryonic  life  only  in  the  form  of  insignificant  remnants, 
as  has  been  shown  by  KOlliker,  Ahlfeld,  and  Huge.  The  canals 
lose  their  lumens;  there  then  exist  in  the  gelatin  of  Wharton  solid 
cords  of  epithelial  cells ;  finally,  these  also  disappear  in  part,  so  that 
only  here  and  there  strands  and  nests  of  epithelial  cells  have  been 
preserved.  Tlie  vitelline  blood-vessels  (vasa  omphalomesenterica), 
which  have  a  r61e  to  perform  at  the  beginning  of  development,  soon 
become  inconsiderable,  and  diminish  more  and  more  in  comparison 
with  the  enlarging  umbilical  blood-vessels.  In  the  mature  umbilical 
cord  they  are  very  rarely  to  be  demonstrated  (Ahlfeld)  ;  usually 
they  have  wholly  degenerated. 

(4)  At  the  beginning  of  development  the  amnion  forms  around 
the  allantoic  canal  and  the  vitelline  duct  a  sheath,  which  can  be 
removed.     Afterwards  the  slieath  is  firmly  fused  with  the  gelatin 


of  Wkakton,  except  at  tLe  attachment  at  the  navel,  where  for  a 
bhort  distance  it  may  be  peeled  off  as  a  special  thin  membrane. 

C&tulilUm  of  the  FiKUd  Meinbruttts  (luring  and  afl&r  Birlh. 

As  a  eondufiion  to  the  account  of  the  fcetal  membranes  some  fui-ther 
remarks  may  be  in  place  regarding  their  hitttory  at  birth. 

At  the  end  oF  pi-egnancy,  with  the  beginning  of  labor  pains,  the 
fmtal  membraneiH,  which  form  a  fluid-tilled  sac  surrounding  the  em- 
bryo, are  ruptured  as  soon  lis  the  contractions  of  the  musculature  of 
the  uterus  liave  readied  ii  certain  degree  of  intensity.  The  rupture 
ordinarily  aiisos  at  the  place  where  the  wall  of  the  sac  ia  pressed  out 
through  the  mouth  of  tlie  uterus  (rupture  of  the  amnion).  In  con- 
sequence the  amniotic  water  now  flows  away. 

With  the  continuation  and  increase  of  the  pains,  the  cliild  is  next 
forced  out  of  the  uterus  through  the  rupture  in  the  ftetal  membranes 
— it  ut  born,  whereas  the  placenta  and  embryonic  membranes  usually 
still  remain  behind  for  a  short  time  in  the  cavity  of  the  uterus. 
Immediately  after  birth  the  union  between  child  and  fcetal  mem- 
branes has  to  l>e  artilidully  interrupted,  by  the  tying  and  cutting  off 
of  the  umbilical  cord  at  a  httle  distance  from  the  navel. 

Finally,  the  fcetal  membranes  with  the  placenta  are  detached  from 
the  inner  sui-face  of  the  uterus,  and  with  renewed  pnins  are  discharged 
to  the  outside  iw  the  after-birth. 

The  separation  takes  place  in  the  spongy  layer  of  the  deddua  vers, 
Approsimately  in  the  region  which  is  designated  as  the  line  of  sepa- 
ration in  the  diagram  given  by  Leopold  (Plate  II.).  The  after-birth 
is  composed  of  both  fcotal  and  maternal  membruner-,  which  are  quite 
firmly  grown  together:  (1)  the  amnion,  (2)  the  choiion,  (3)  the 
deciduarefleia,  (4)th6decidua  vera,  (5)  the  placenta  (placenta  uterina 
and  placenta  fcetalis).  Notwithstanding  the  gi'owing  together,  a 
partial  separation  of  the  individual  membranes  from  each  other  is 
still  pocjsihle. 

After  birtb  the  inner  surface  of  the  uterus  is  one  great  surface- 
wound,  since  by  the  detachment  of  the  placenta  and  the  decidun 
numerous  blood-veeeels  are  ruptured.  Also  during  the  first  days  of 
childbed  fragments  of  the  spongy  layer  of  the  decidua  vera  and 
aerotina,  which  remained  behind  at  birth,  continue  to  be  detached 
from  it,  Only  the  deepest  layer  of  the  mncosa,  tliat  immediately  in 
contact  with  the  musculature  of  the  uterus,  is  retained.  This  still 
contains  remnants  of  the  cylindrical  epithelium  of  the  uterine  glands, 
aa  has  been  already  ntiited.     In  the  course  of  several  weeks  it  is 
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again  converted,  by  an  active  process  of  growth,  into  a  normal  mucous 
membrane,  whereby  itn  superficial  epithelium  probably  arises  from 
the  preserved  remnants  of  the  glandular  epithelium. 

SUMMABY. 

1.  The  human  ovum  establishes  itself  ordinarily  at  the  base  of 
the  uterus  (fundus  uteri),  between  the  mouths  of  the  two  Fallopian 
tubes,  and  becomes  overgrown  by  folds  of  the  mucosa  and  enclosed 
in  a  capsule. 

2.  The  mucous  membrane  of  the  uterus  is  developed  into  the 
maternal^'envelopes  of  the  ovum,  the  deciduse,  which  are  distinguished 
as  decidua  serotina,  reflexa,  and  vera. 

(a)  The  decidua  serotina  is  that  part  of  the  mucous  membrane 

upon  which  the  ovum  immediately  lies  after  its  entrance 
into  the  uterus  and  on  which  the  placenta  is  afterwards 
developed. 

(b)  The  decidua  reflexa  is  the  part  that  grows  aroimd  the  ovum. 

(c)  The  decidua  vera  arises  from  the  remaining  portions  of  the 

mucous  membrane  lining  the  uterus. 

3.  In  the  formation  of  the  deciduse  or  deciduous  foetal  membranes 
the  uterine  mucosa  undergoes  profound  alterations  of  structure,  and, 
accompanied  by  a  rapid  growth  of  the  uterine  glands  and  a  partial 
disappearance  of  its  epithelium,  becomes  differentiated  into  an  inner 
compact  and  an  outer  spongy  layer. 

4.  Out  of  the  wall  of  the  blastodermic  vesicle,  so  far  as  it  is  not 
employed  in  the  formation  of  the  embryo  itself,  are  developed  the 
foetal  envelopes  of  the  offspring,  which  in  the  main  agree  with  the 
foetal  envelopes  of  the  remaining  Mammals  in  number  and  the 
method  of  their  development,  but  which  present  in  detail  important 
modifications,  which  are  essentially  as  follows  : — 

(a)  The  amnion  is  closed  from  before  backward,  remains  united 

at  the  hinder  end  of  the  embryo  with  the  serosa  (subse- 
quently the  chorion)  by  means  of  a  short  pointed  pro- 
longation, and  thus  contributes  to  the  formation  of  the 
so-called  belly-stalk  of  human  embryos. 

(b)  The  allantois  does  not  grow  as  a  free  sac  into  the  extra- 

embryonic part  of  the  body-cavity,  but,  in  the  form 
of  a  narrow  canal,  shoves  itself  along  the  under  surface 
of  the  pointed  amniotic  prolongation  to  the  chorion, 
and  thus  furnishes  the  chief  component  of  the  belly- 
stalk. 
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(c)  The  yolk-nac  {umbilical  vesicle)  is  reduced  to  an  exceedingly 

small  vesicle,  and  ia  connected  with  the  embryonic 
intestine  by  meiins  of  a.  long  thread-like  stslk,  the 
vitelline  duct. 

(d)  By  the  enlargement  of  the  amnion,  which  at  length  fills  the 

entire  hlnstodermic  vesicle  (increase  of   tkmniotic  fluid), 

the  canal  of  the  allantois  ^nd  the  vitelline  duct,  together 

with    the  umhilical  and  vitelline  blood-vcKselK,   become 

completely  enveloped  by  the  amniotic  sheath ;  in  this 

^^^^  way  is  formed  the  nm.bilical  cord  (fiiiiictJua  umbilicalit), 

^^^H  a  cord-like  connection  between  the  inner  surface  of  the 

^^V  egg-membrane  and  the  navel  of  the  embryo. 

(e)  The  serosa   at  a  I'emarkably  early  period  (second  week) 

develops  villi  over  its  whole  surface,  and  by  the  ingrowth 
of  the  connective  tisane  of  the  allnntois  into  the  latter  it 
becomes  the  villous  membrane  (chorion). 
{/)  The  villous  membrane  is  differentiated  into  a  chorion  Iseve 
and  a  chorion  frondosum  : — 

(a)  Tha  part  which  lies  in  contact  with  the  deddua 
leflexa  and  is  Urmly  united  with  it  by  means  of 
villi  which  lag  behind  in  growth  becomes  the  chorion 
Iffive. 
(P)  The  region  which  abuts  upon  the  decidua  aerotina, 
and  in  which  the  villi  grow  out  into  large,  much- 
branched  lufts,  is  converted  into  the  chorion 
frondosum. 

5.  By  the  penetration  of  the  \'illou9  tufti  of  the  chorion  frondosum 
into  the  decidua  serotina  and  their  firm  union  with  it,  there  is  formed 
an  especial  oi^n  of  nutrition  for  the  embryo,  the  after-birth,  or 
placenta. 

6.  One  distinguishes  a  foetal  and  a  maternal  part  of  the  placenta  ; 
(1)  the  placenta  fixtalis  or  the  chorion  frondosum,  and  (2)  the  pla- 
centa utdrina  or  the  original  decidua  serotina. 

(a)  The  placenta  fostalia  consists — 

First,   of  the  membrana   chorii,  in  which   the   chief 
branchee  of   tht;   umbilical    blood-vessels  spread   them- 

selves  out,  and  to  which  the  umbilical  cord  is  attached, 

ordinarily  in  the  middle  (insertio  centralis),  rarely  at  the 
margin  (insertio  marginalia),  still  more  rai-ely  at  a 
distant^e  from  the  mai^n  (insertio  velamentosa); 

SeeowUif^  of  bundles  of  chorionic  villi,  the  "  attachment- 
18 
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roots  "  of  which  are  firmly  grown  together  with  the 
uterine  mucosa  by  means  of  their  tips,  whereas  the 
free  processes  project  into  the  cavernous  blood-spaces 
of  the  placenta  uterina. 
(b)  The  placenta  uterina,  like  the  decidua  vera,  is  composed  of 
a  compact  layer,  which  becomes  detached  at  birth  (pars 
caduca),  and  a  spongy  layer,  in  which  the  separation 
takes  plare,  a  }iart  remaining  behind  on  the  musculature 
(pars  iiza). 

The  compact  layer  (basal  plate  of  Winkler)  sends 
partition- walls  (sept-sB  placentae)  between  the  chorionic 
tufts,  and  thereby  divides  them  into  separate  bundles, 
the  cotyledons. 

There  are  intei'polated  between  the  arteries  and  veins — 
which  run  in  the  basal  plate  and  the  septie — enormously 
enlarged  vascular  spaces,  in  which  the  villi  appear  to 
hang  free. 

The  vascular  spaces  are  probably  extraordinarily 
distended  maternal  capillaries,  in  which  case  one  may 
expect  to  find  the  chorionic  villi  invested  by  a  very  thin 
layer  of  maternal  tissue  (endothelial  membrane),  as  is 
mainttiined  by  some  investigators. 

7.  At  birth  the  deciduse  or  caducous  membranes  become  detached 
from  the  uterus  along  the  spongy  layer,  and  together  with  the  foetal 
envelopes  and  the  placenta  constitute  the  after-birth. 

8.  In  the  first  weeks  after  birth  a  normal  mucosa  is  developed 
out  of  the  remnants  of  the  spongy  layer  left  upon  the  musculature 
and  the  remnants  of  the  uterine  glands,  from  the  epithelium 
of  which  the  epithelium  of  the  mucous  membrane  is  probably 
regenerated. 
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PAET  SECOND. 


INTRODUCO'ION  TO   PART  U. 


In  the  first  part  of  the  text-book,  which  treated  of  tho  fundamental 
proceeses  of  the  beginning  of  development,  it  was  shown  how  there 
were  formed  from  the  embryonic  celL),  the  deHoendanta  of  the 
cleavage- process,  several  cell-layers :  the  outer,  the  middle,  and  the 
inner  germ 'layers,  and  the  intermediate  layer  which  insertji  itseU  into 
all  the  interstices  between  the  foi-mer.  In  the  further  progress  of 
development  each  of  these  chief  layers,  which  Carl  Ernst  v.  Baer 
has  culled  the  fnndamentjil  organs  of  the  animal  body,  undergoes 
a  series  of  manifold  changes,  and  is  in  consequence  gi'adiially  con- 
verted into  the  separate  organs  of  the  adult  body. 

The  ttudy  of  ttut  <U)>elopr>tetU  of  the  organs  cmistiiuUa  the  theme  o/ 
the  secotid  pari  of  thU  iext-hook. 

A  division  of  the  extensive  material  to  be  presented  hei'e  is  best 

undertaken  with  reference  to  the  aeparatu  germ-layers  from  which 

the  various  orgaou  are  derived,  as  was  first  attempted  by  Beuae 

I   his   pioneer   work  "  Untet'sucbtuig   iiber   die    Entwicklung   der 

Wirbelthiere." 

But  it  must  be  observed  at  the  very  outset  thut  the  principle  of  the 
daaaiJieaAitm  of  organs  aocordbu)  to  tfie  germ-tayera  can  be  carried  out 
only  with  certain  limitations.  For  the  completed  organs  of  the  adult 
are  ordinarily  compound  structures,  which  are  not  formed  out  of  a 
■ungle  embryonic  layer,  but  out  of  two  or  even  out  of  three.  Thus, 
for  example,  a  muscle  is  develojied  from  the  middle  germ-layer  and 
the  intermediate  layi-r.  The  teeth  arise  from  the  latter  und  the 
outer  germ-layer;  the  alimentary  i-jinal  with  its  glands  contains 
elements  from  three  layers,  from  the  inner  and  the  middle  germ- 
layem,  aa  well  as  from  the  intermediate  layer.  When,  notwith- 
standing, these  organs  are  cited  as  descendants  of  one  germ-layer, 
it  is  for  the  reason  that  the  various  tissues  are  of  unequal  value 
1  the  construction  and  function  of  an  organ,  the  important  com- 
ponents being  funiished  pi-eiiminently  by  one  germ-layer.  Thus 
I  structure  and  the  (uuctton  of  the  liver  or  the  pancreas  are 
primai-ily  dettrmined  by  ihe  glandular  cells  which  are  derived  from 
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the  inner  germ-layer,  whereas  connective  tissue,  blood-vessels,  nerves, 
and  serous  covering,  although  they  also  belong  to  these  glands  as 
a  whole,  are  of  less  significance,  because  the  characteristic  properties 
of  liver  or  pancreas  do  not  depend  upon  them.  In  the  anatomy  and 
physiology  of  a  muscle  the  muscular  tisHue  is  the  more  significant 
part,  in  the  sensory  organs  the  sensory  epithelium. 

Guided  by  such  considerations  one  has  a  perfect  right  to  designate 
the  intestinal  glands  as  organs  of  the  inner  germ-layer,  the  muscles, 
the  sexual  and  urinary  organs  as  belonging  to  the  middle  germ-layer, 
and  the  nervous  system  together  with  the  sensory  organs  as  products 
of  the  outer  germ-layer. 

Thus  the  science  of  the  embryology  of  organs  is  divisible  into  four 
main  sections — into  the  science  of  the  morphological  products  of 

(1)  the  inner  germ-layer,  (3)  the  outer  germ-layer, 

(2)  the  middle  germ-layer,  (4)  the  intermediate  layer. 


CHAPTER   XIV. 


THE  ORGANS   OF  TJIE  I.V.VEE   GERM-LAYER. 


Thb  Alimentary  Tubs  witb  its  Ai'Pendbd  Organs, 


ArxEB  completion  of  the  formation  of  the  germ-layei's  and  the  fimt 
procea^es  of  diiferentiation  described  in  the  tenth  chiipter,  the  body 
of  the  veitebrated  animal  consists  of  two  simple  tubes,  one  within 
the  other  (Plate  I..  figM.  7  and  10), — tbe  inner,  smaller  alimentary 
tube,  and  the  body-tube  separated  from  the  former  by  the  body^ 
cavity  (W), — each  of  which  is  compowd  of  mot-e  than  one  of  the 
primitive  ceU-layer»  of  the  germ. 

The  aiimentary  tube,  the  fui'ther  development  of  which  will  first 
engage  oui*  attention,  is  comjxtBed  of  two  epithelial  layera, — the 
entoderm  and  the  vieceml  portion  of  the  middle  layer,  which  fur- 
nishes the  epithelial  lining  of  the  body-cavity, — separated  from  each 
other  by  the  uitermediate  layer,  which  is  at  thi^  time  little  developed. 
Of  the  three  layers  the  entoderm  is  unqueutionably  tbe  most  im- 
portant, since  the  further  processes  of  differentiation  primarily 
proceed  from  it,  and  since  tbe  physiological  capabiHties  of  the 
alimentary  canul  are  determined  by  the  activity  of  its  cells. 

The  changes  which  occur  in  tbe  fiu-ther  counse  of  development  are 
best  divided  into  three  gi-oii|is.  Fii-st,  tbe  alimentary  tube  comes 
into  communication  witb  tbe  tiurface  of  the  body  by  means  of  a  large 
number  of  oi>enings,  tbe  visceral  clefts,  the  mouth,  and  the  anus. 
Secondly,  it  grows  enormously  in  length,  and  is  ut  the  same  time 
differentiated  into  osophagtut,  ntomach,  small  inte.stine  and  large 
intestine,  with  their  peculiarly  modified  mesenteries  and  omenta. 
Thirdly,  numerous  organs,  which  are  for  the  most  part  concerned 
in  the  duties  of  digestion,  take  their  origin  from  the  walls  of  the 
alimentary  tube. 
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I.  The  Formatioii  of  the  Hoath,  tho  Throat-  or  CHll-Clefti,  aad 
the  Anoi. 

At  the  begiDniug  of  development  the  tJimentary  tube  openB  out  to 
the  swface  of  the  germ  by  meaoB  of  the  primitive  nioulA  (primitive 
groove),  which  marks  the  place  at  which,  during  the  at&ge  of  the 
blastula,  the  inner  and  middle  germ-layers  have  been  invaginated 
(Chaptere  V.  and  VI.,  figs.  44,  47,  54,  66,  78  «}.  BtU  ihia  opmi-ng 
it  ottlff  a  Iratttiiory  glructure. 

Located  at  the  future  hind  end  of  the  embryonic  fundament,  it 
IK  at  first  overgrown  by  the 
medullary  ridgee,  and  es- 
tiiblishes  a  temporary  union 
between  the  intestinal  and 
neural  tubes.  Hie  canal  in 
netirentoriciis  (figs.  68  on, 
80,  88  ne).  Afterwards  it 
becomes  entirely  closed  by 
the  growing  together  of 
the  edges  of  the  primitive 
mouth. 

It  'a  affirmed  bj  some  ttiAl  in 
certain  Vertebrates  (Petromj-- 
zon,  several  Amphibia)  tlii: 
piimittve  moath  persists,  and 
becomes  the  anus  of  the  adult 


If.  111.— X(dlu  HoUsn  thmtb  tb*  bM4  at 
■mteyaBAkhltama.  knc.  ArurMiHit^uvicB. 
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There  arise,  however,  ou 
the  permanent  alimentary 
tube,  both  at  its  anterior 
and  posterior  ends,  -new 
iijieiiimjs,  jMfl  iij'  which  are  Mijxiired,  part  jxiired ;  for  the  wall  of  the 
alimentary  ttihe  at  several  places  fui-es  with  (he  wall  of  the  body, 
then  becomex  thinner,  and  finally  bi-eaks  thiough  to  the  out^de. 
The  unpaired  openings  are  iiMuth  and  anas ;  t/ie  paired  onet  are  t/te 
throat',  ifiil-,  or  visceral  cUfts,  The  fijvt  to  be  established  are  the 
mouth  and  the  gill-clefts,  in  the  regions  of  head  and  neck.  Thete 
are  of  the  greatest  impoi-tnnce  in  the  external  morphology  of  the 

■  [Huxley  has  emplojed  tnetcncepbalon  and  myelenoepbalon  instead  of 
epencepbaloD  and  mctencephaton  for  tbe  fourth  and  fifth  regions  of  tlie  brain 
respectively.] 
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emVarfo,  because  with  their  appearance  the  head-  and  neck-vegiona 
become  diEtinguiBhahle. 

A.  T/ie  Development  of  t/ic  Mouth. 
In  all  vertebratf'd  animals  the  epidermis  formH  on  the  under  uide 
of  the  rudimentary  head,  whicli  at  iirst  bits  the  appearance  of  a 
rounded  knob,  a  Bmall  shallow  pit  (Plate  I.,  fig.  11,  ami  lig.  151), 
which  meets  the  blind  end  of  the 
fore  gut  (kd).  In  the  region  of 
this  pit  the  middle  germ-layer 
is  from  the  beginning  absent 
(Keibel,  Carius).  Outer  and 
inner  germ-layers  meet  to  form 
a  thin  membrane  (lig.  151  rk), 
which  separates  oral  sinus  or 
oral  pit  [stomoda'um  I  and  foi-o 
gut,  and  which  has  been  de- 
scribes! since  the  time  of  Reuak 
a;^ pharyngeal  membrane  (Rachen- 
haut).  By  i(s  rupture  and  the 
dc^neration  of  the  sbreda  of  it 
known  as  the  primitiix  palatal 
velum  communication  with  the 
outside  is  established  (Plate  I., 
figs,  4  and  7  >n). 

In  the  case  of  the  Chick  the  oral 
pit  is  observable  on  the  sccotvl  lUj 
of  incubation,  the  front  end  of  the         w";'Adi,^^TP.'B«°\™'ai*Il" 
erobrjionlc  fantlameat  baviog  a,  short         maHnUriH ;  U,  solid  nindunsiit  of  Uie 
tine  previoiifllr  elevated  itself  as  a         11»m-  i  t*c,  ImjibUi:  duct. 
cephalic   knob  shore  the   extra-em- 

bljonic  purl  of  tbe  ^rm-tBycrs.  The  niptum  of  liia  pliarynguiil  membrane 
take*  place  on  the  fourth  day.  In  Ilie  case  of  hu  embryo  Babbit  of  nine  da^ 
the  phurvngt^l  membrane  ik  not  .vet  rupturerl.  His  W  etadied  in  <Ictsil  tbU 
eari?  stage  in  Man  on  bis  eubrvo  "  Z^,"  Che  Hge  of  wbiob  be  estimates  at  twelve 

In  all  amniotic  Vertebratee  the  entrance  to  the  oral  pit  (fig.  163 
Mh)  presents  a  very  uniform  condition  and  appears  tie  a  large  five- 

*  [It  nitl  tie  Been  by  un  iuepection  of  figcre  1 68  that  the  longest  straight  line 
which  can  be  drawn  through  tbe  embryo  connects  the  neck-  and  rump-regions. 
s  this  distance  which  Is  designated  as  the  neck,  or  neck-miup.  measure- 
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sided  opening,  which  is  surroanded  by  fimt  ridges,  A  knowledge  of 
these  is  of  great  importance  in  stud3ring  the  history  of  the  formation 
of  the  face. 

Of  the  five  ridges  one  is  unpaired,  the  /ronicU  or  ncuo-frorUal 
proceM,  a  broad,  rounded  projection  which  bounds  the  oral  pit  above. 
Its  origin  is  connected  with  the  development  of  the  central  nervous 
system,  which  reaches  up  to  the  anterior  end  of  the  embryonic 
fundament,  where  it  is  developed  into  the  cerebral  vesicles  (fig.  153 
ghf  zhy  inli).  Examined  by  means  of  a  longitudinal  section,  the 
frontal  process  at  this  stage,  therefore,  encloses  a  large  cavity  be- 
longing to  the  neural  tube,  and  has  the  form  of  a  vesicle,  which  is 
composed  of  three  layers,  the  epidermis,  a  layer  of  mesenchyma,  and 
the  thickened  epithelial  wall  of  the  neural  tube.  The  primary  oral 
cavity  and  the  fundament  of  the  brain  are  closely  apposed  at  the 
beginning  of  development ;  they  are  separated  by  only  a  thin  sheet 
of  tissue,  within  whose  territory  there  is  auhaeqiuenily  formed^  among 
other  things,  thejloor  of  the  cranium. 

The  four  remaining  ridges  are  paired  structures  which  surround 
the  oral  sinus  upon  its  sides  and  below.  These  are  produced  by 
growths  of  the  embryonic  connective  tissue,  through  which  large 
blood-vessels  take  their  course.  They  are  distinguished  according  to 
their  positions  as  upper-jaw  (maxiUari/)  and  lower-jaw  (mandibular) 
processes.  The  former  are  on  either  side  in  immediate  contact  with 
the  frontal  process,  from  which  they  are  separated  by  a  groove  only, 
the  naso-optic  furrow,  which  will  be  discussed  in  a  subsequent  chapter, 
and  which  runs  obliquely  upward  and  outward  to  that  region  of  the 
face  in  which  the  eye  begins  its  development.  The  maxillary  process 
is  separated  from  the  mandibular  process  by  an  incision  which  corre- 
sponds to  the  place  of  the  future  angle  of  the  mouth.  The  two 
processes  of  either  side  together  form  the  pharyngeal  arches,  or  the 
membrauouh  jaw-arches. 

Deforc  the  rupture  of  the  pharyngeal  membrane  the  oral  sinus  has  become 
still  deeper,  but  only  in  its  upper  part,  whereas  toward  the  mandibular  arch  it 
becomes  shallow.  This  condition  is  connected  with  curvatures  which  in  all 
amniotic  Vertebrates  as  well  as  Selachians  affect  that  part  of  the  head  which 
encloses  the  brain-vesicles  and  lies  above  the  alimentary  tube.  For  the  front 
end  of  the  head  is  bent  down  toward  the  ventral  side  of  the  embryo,  and 
finally  makes  a  right  angle  with  the  posterior  half  of  the  head  (fig.  153). 
Consequently  the  place  at  which  the  so-called  anterior  cephalic  curvature  has 
ocourred,  and  at  which  the  posterior  and  anterior  halves  of  the  head  bend  into 
each  other,  has  become  an  elevation,  theparietal  [or  mid-brain]  elevation  (Sohei- 
telhdcker),  SH.     The  latter  encloses  the  middle  brain-vesiole  (mh),  the  future 


I 
I 


THE  ORGANS   OF  TOE  INNEK   OERM-LAVER. 

mld-braiD.     FurthBrmore  the  frontal  procesB.  in  ooascquetice  o[  the  ci 

covers  in  the  oml  siniw  more  and  mpro  froui  Bbove  un'i  In  fconi,  ami  thereby 

CDDtribntes  to  \t»  depth. 

As  Bis  has  shown  tor  the  bamon  cmbrjo,  the  phBrjugenl  mctnbntne  before 
rnpturinR  GxtundH  obliqaety  bsckwartl  and  apward  from  the  rDanitibalsr  nrch, 
BDd  bccomex  firmlj  attached  tit  the  point  o(  carvatiire  Ap,  where,  as  a  tesnit  of 
the  beniling.  the  anterior  and  posterior  halrco  of  tlie  heaii  meet  each  other 
Bt  right  angles.  Even  after  the  mptnre  of  tha  pharj-ngeal  membrane  there 
is  retained,  in  (root  of 
its  attachment,  a  small 
jdl,  which  const  it  utps 
Rathsk'h  pocket  (fi(r- 
153  hp). 

It  Is  to  be  noted  tbat 
the  oral  siDii»',  in  front 
of  the  pharyngeal  mem- 
brane, and  the  fore  giit, 
which  lies  behind  it,  lio 
not  correspond  respef- 
tivety  to  the  cavities  de- 
signated in  the  anatomy 
of  the  ad  a  It  as  oral 
cavit;  and  pharynx.  Bnt 
the  region  of  Ratbke'h 
pocket,  which  bcIangB 
to  the  embryonic  oral 
dnna,  is  in  the  adult 
toftrred  to  the  pharjtu. 

In  conseqaenco  of  the 
oatly  and  complete  diti- 
nppearanop  of  the  pha- 
ryngeal membrane,  it  in 
no  longer  possible  to 
sa;  at  what  place  in  the 
adult  is  to  be  sought 
the  ttaiuitlon  from  the 
primitive,  epidermis-lined  oral  ainns 
tabe. 


4r.pl"" 


I ;  *i>.  hTpuliliyiliil  (or  tUTBKE'a)  pocket 


>  the  e[ntbelial  layer  of  the  alimentary 


B.   The  Dti'elojmmt  of  Uui   VUcertd  Cleft*. 

While  the  changes  described  take  place  in  the  vicinity  of  the  oral 
sinus,  several  vUeeral  cle/ls  make  their  appearance  immediately 
behind  the  j^w-arches  upon  either  side  of  the  body.  They  are 
developed  in  the  cnse  of  Selachians,  TeleostB,  Ganoids,  and  Am- 
phibia, aa  well  aa  AtDDJota,  in  a  rather  iinifoi'm  manner  (^gs.  154, 
156).  From  the  epithehum  of  the  fore  gut  there  are  formed  deep 
outpocketings  (kA' — «cA°),  which  run  From  above  downward  on  the 
Ut«rivl  wall  of  the  thi'oat  parall(-l  to  the  jaw-arches.     They  urowd 
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aside  the  middle  germ-layers,  vbieh  extend  into  tlua 
thiui  grow  outward  to  the  surface,  where  they  nnite  with  the  epi- 
dfrroii'.  Tlie  I:itt'T  n^w  Itecome  depiweed  iato  furrows  aloag  the 
re^ori~  <.<:<>  _  I  J4),  so  that  ooe  can  distinguish  inner,  deeper 
Uiroiii  ■  .  ^/lallnirer  t/iroat-  or  gill-/urroirs.     The  two 

(ii-e  separated  from  each  other 

f^  ._»^  "~~^|        for  (1  time  by  n  vm- thin  c(o«- 

imi  uirnd/rinie.  which  consists 
of  two  epithelial  layers,  tho 
epidermis  and  tlif  epithelium 
lining  the  fon^  gut. 

The  bauds  of  subetance 
whit^h  lie  between  the  auc- 
ceesive  throat-pockets  (figs. 
154  aod  157)  are  the  mem- 
branous brime/iial,  throat',  or 
vMxral  arches.  They  consist 
of  an  aids,  which  is  derived 
fi-om  tho  middle  germ-layer 
and  the  mesenchyma,  and  of 
an  epithelial  covering,  which 
on  the  side  toward  the  pharynx 
is  furnished  by  the  inner  germ- 
layer,  on  the  ontoidn  by  the 
out«r  germ-laj-fi-.  They  are 
designated  according  to  their 
sequence  as  the  second,  third, 
fourth,  etc.,  visceral  arches, 
inasmuch  as  the  ridge  which  surrounds  the  mouth  constitutes  tJie 
first  visceral  arch. 

In  all  water -inhabiting  Vertebrates  which  breathe  by  means  of 
gillx  the  thill  epithelial  closing  plat«s  break  thi-oiigh  between  the 
visceral  archer,  and  indeed  in  the  same  sequence  as  that  in  which  they 
arose.  Currenta  of  water  therefore  can  now  pass  from  the  outaide 
through  the  open  clefts  into  the  cavity  of  the  fore  gut  and  be  employed 
for  respiration,  suice  they  How  over  the  surface  of  the  mucous  mem- 
brane. There  is  now  developed  in  the  mucous  membrane,  upon  both 
sidea  of  the  visceral  clefts,  a  tuperjiciiti,  close  network  of  blood- 
capillarieH,  the  contents  of  which  efl'ect  an  exchange  of  gases  with 
the  pausing  water.  Moreover  the  mucous  membrane  becomes  folded, 
for  tho  iiicreuse  of  its  respiratory  surfac*.  into  I 
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pATftllel  branchial  leaflets,  which  n-re  provided  with  the  greatest 
abundnnce  of  capillary  blood-vesselK.  In  this  maniiei'  the  most 
anterior  section  oF  the  alimentary  canal,  which  lieu  immediately 
behind  the  heatl,  has  become  converted  Into  un  organ  of  i-eGpiration 
adapted  to  life  in  water. 

The  iiiipnrtiiiil  rtilTfrrDiitiHtion  i>f  the  itlimentai?  enruil  into  an  anterior  re- 
cptrutory  ohnmber  srid  n  following  nntrilive  region  is  poBsessed  by  VcrtebrafcK 
aiH]  AiDphiosus  in  luramuD  with  curtain  InvertebrHU-x  (Tumcates  and 
Bnlanoglosvus}, 

Likewise  in  the  case  of  the  higher  (amniotic)  Vertebrates  both 
inner  and  outer  visceral  furrows,  together  with  the  visceral  areheB 
separating  them,  are,  as  hait  niready  been  stated,  formed  ;  but  here 
they  are  never  developed  into  an  actually  functioning  reepiratory 
apparatus;  they  belong  consequently  in  the  category  of  rudimentary 
organs.  Upon  the  mucous  memhrune  there  arise  no  branchial  leatlets ; 
indeed  the  formation  of  open  clefts  is  not  always  and  everywhere 
achieved,  since  the  thin  epithf^lial  closing  membranee  between  the 
separate  visceial  arches  ai*  preserved  at  the  bottom  of  the  externally 
visible  fuiTows.  Upon  this  point,  however,  the  opinions  of  the 
investigators  who  have  been  engaged  in  the  study  of  the  throat-region 
in  late  yeai's  are  very  dissimilar.  Whereas  Ills,  Bokn,  and  KbLLiKBR 
maintain  that  the  closing  plat«  does  not  ns  a  rule  ruptui-e,  FoL,  db 
Mecboii,  Kastschenko,  Liessneb,  itnd  others  find  that  at  least  the 
first  two  or  thi'ee  viscei'al  clefts  are  temporarily  open.  The  opening 
takes  place  to  a,  greater  extent  in  Jteptiles  than  in  Bii'ds  and 
Mammak,  where  it  remainB  limited  to  a  small  territory.  In  the  most 
posterior  visceral  pockets  there  can  be  no  breaking  through,  because 
they  are  not  as  deep,  and  the  closing  plate  is  therefoi'e  thicker  and 
coutaine  also  a  layer  of  connective  tissue.  The  conditions  in  Reptiles 
and  Mammals,  as  well  as  the  ditferences  in  the  number  of  visceral 
archee,  to  be  mentioned  directly,  express  separate  stages  in  the 
process  of  regressive  metamorphosis,  to  which  the  whole  visceral 
apparatus  in  the  vertebrate  series  hfla  been  subjected. 

Tin  nvmiber  o/viaeeral  clefts  which  actiuUly  appear  in  the  separate 
classes  of  Vertebrates  is  variable.  The  gi-eateat  number  is  en- 
countered among  the  Selachians,  where  there  may  be  as  many  as 
six  (fig.  155),  in  a  few  species  indeed  seven  or  eight.  In  Teleosts, 
Atapbibia,  and  Reptiles  the  number  sinks  to  five.  Iri  Birds, 
Mammals,  and  Man  (figs.  154  and  157)  only  four  arise.  We  can 
Iherefort  any  in  ye^teral  that  from  the  lo'i^er  to  the  hiijker  VerUbratee 
a  reductiMi  hat  taken  place  in  the  nuvtber  of  visceral  elejls  lehic/i 
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maht  their  ajyp^amwK.  In  Tiew  of  these  phenomeon.  mud  guided  by 
fi^hftr  romparadve^Datomical  coosideratioDS,  manj  in¥estig»t<R« 
have  ikdvsiiitried  the  hypothesis  tha(  ld  the  case  of  the  ancestors  of 
Vertebratefl  the  fore  gnt  haa^  been  pierced  by  a  greater  nnmber 
of  cleft:4  than  u  now  to  be  ofasenred  even  in  the  Selachians^  and 
further  that  degraded  or  metamarphomsd  remnanU  of  them  are  stiU 
to  b^  foil  ml  in  the  head-  and  neck-r^ions. 

TA5  Br.3fVFXE5  \.A^  ob^^rved  in  embrvi^ii  of  varions  Sharks  and  Skates  out- 
fjortk^fin^'*  <tl  the  lareral  wall  of  the  throat  behind  the  la^st  Tisceral  arch,  and 
hail  int^rprcrf  r<l  them  aa  ni'Iinientarj  vUi-eral  eleft^  which  no  longer  soooeeti 


in  br^^dcincT  throo^rb  (fi<r.  !.'*.'>  muT). 


tk- 


tk 


mk* 
wtd 


Tig.  IM.— DiffnuB  tf  tlM  dcrtlopmcat  «f 
tlM  tiijBiiui,  tlM  tiiyrwid  fUad,  aad 
tlM  MOMtorj  tiiyiwid  f laada,  aad 
th«irrtlAtioBa to tlM  ^riattnl  poekats 
ia  aa  Makryo  Bharki  after  de  Meuron. 

•cA*,  «rA*,  Finit  and  bixUi  riaceral  i>ocketii ; 
tk,  fundament  of  the  thymiui ;  */, 
thjroid  gland ;  nml,  aocewory  thyroid 
gland. 


Sobseqiientlj  there  are  develope^l  out  of 
them,  bv  jET«>wth  of  the  epithelium,  glan- 
dular organ.*,  the  supra-pericardial  bodies 
(Bemmelex),  which  are  similar  in  their 
stractnre  to  the  thyroid  gland.  Also  in 
the  head-region,  which  lies  in  front  of 
the  fir«t  visceral  arch,  a  reduction  and  a 
metamorphosis  of  clefts  has,  according 
to  the  opinion  of  varions  obsenrers,  taken 
place.  DOHBX  especially  has  propounded 
several  hypotheses  of  this  kind,  for  which, 
however,  I  do  not  find  valid  groonds :  (1) 
that  the  month  ha.s  arisen  bv  the  fusion 
of  a  pair  of  visceral  clefts,  (2)  that  the 
olfactory  organs  are  to  be  referred  to  the 
metamorphosis  of  another  pair  of  clefts, 
— a  view  which  is  also  shared  by  M.  Mar- 
shall and  several  others, — (3)  that  a  dis- 
appearance of  gill-clefts  in  the  region  of 
the  sockets  of  the  eye  is  to  be  assumed, 
and  that  the  eye-muscles  are  to  be  inter- 
preted as  remnants  of  gill-muscles. 


In  the  Chick  the  visceral  furrows 
become  vnsible  in  the  course  of  the 
third  day  of  incubation,  only  three  pairs  at  first,  but,  at  the  end  of 
the  Kam(^  day,  a  fourth  pair  is  added. 

In  human  embryos  the  visceral  furrows  are  to  be  seen  most  diH- 
tinctly  (figH.  157,  154)  when  the  embryo  has  attained  a  length  of 
three  or  four  millimetres  (His).  Outer  and  inner  furrows  are  in 
this  case  deeply  excavated  and  separated  from  each  other  by  only  a 
thin  epithelial  cloning  plate;  they  diminish  in  length  from  before 
Imckward.  Of  the  visceral  arches  which  separate  them,  the  first  is 
the  largest,  the  last  the  smallest ;  seen  in  frontal  section  they  form 
two  rows  converging  below,  so  that  the  oro-pharjmgeal  cavity  tapers 
funnel-like  into  the  intestinal  tube. 
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From  tlie  fourth  week  of  lUvdopineiU  onwai-d  the  viaeerai  arches 
beffin  to  be  displaced  in  relation  to  one  another,  oming  to  a  iitore  rapid 
growth  of  the  first  hoo  tluin  of  lite  fotloming  ones  {tig.  156).  "  They 
glid^  over  on<-  another,"  nn  His  I'emai'ks,  "  like  the  tubcx  of  a  teleitcope, 
in  such  a  way  that,  viewed  from  the  outside,  first  the  fourth  art'b  Is 


by  the  third,  and  thLs  in  turn  by  the 
HUi-fftci',  that  which  is  tui-ned  toward  the 


eurrounded  iind  covei'ed  in 
second,  whereas  on  the  inoei 
pharynx,  the  fom-th  urch 
lies  over  the  third,  the 
third  over  the  second."  Ak 
a  result  the  length  of  the 
oro-phaiyiigeal  cavity  ia 
relatively  less  in  the  older 
than  in  the  younger  em- 
bryos. In  consequence  of 
I    this  unequal  growth,  whii-h 

entii-ely  similar  way  in  th- 

embryosof  Bii-dsandMaiii 

maJa,  there  is  formed  a  de<  1 1 

dapresdon  of  the  surface  ut 

the  poBterior  margin  of  l\f' 

cepbalo-cervical  region,  lln 

ntek-miug,  irlnus  eerrk"'' 

(RaBl)  or  sinus  prtpceni 

oalia  (His)  (figs.  156  and 

158  Aft).      In  the  depths  of 

this  depression  and  on  its 

front   wall    lie    the    thii'd 

and  fourth  visceral  arches, 

which  are  now  no  longer 

visible  from  without.     The 

entrHnoe  to  the  sinus  ia  bouuded  in  front  by  the  set-ond  vieceral,  or 

the  hyoid,  arch  (sb).     The  latter  gradually  develops  a  small  process 

bftckwiird,  which  lxivcts  over  the  cervical  einuB  and  hau  )>een  justly 

compared  by  Ratiike  with  the  o|>ercidiim  of  Fishes  and  Amphibia. 

3"ft«  optrcwlar  procesm  at  laat  fusee  vrilk  ttis  lalend  iiyiU  of  the  bodt/. 

Thereby  the  sinus  ixrvicalts,  which  corresponds  to  the  oavittj  beneath 

the  operculum  which  in  Fishen  and  Amphibia  covers  in  the  real  gill- 

arehes,  is  doted  up. 

One  easily  gets  an  accurate  conception  of  these  important  p 

19 
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of  growth  by  comparing  fig.  154  ^vith  fig.  156  and  fig.  157  witb 

tig.  158. 

The  development  of  the  viscer&l  clefts  and  tb£  cervicsl  iidds  bas  also  i  M 
practical  interest.  Soraetlmes  Ibere  occur  in  the  neck-regiou  in  Man  fistoli^  1 
which  penetrate  variable  diEtoDces  from  without  inward,  and  mav  even  apea  I 
into  the  pharyngeal  cavit;.  They  reeult  from  emhryonio  conditions,  the  1 
cervical  dnas  having  lemiuned  pnrtl;  open.     Krom  lliia  sinus  a  passage  may  J 


.-,  if  abnorniall]'  the  second   I 


C.  The  DevtlopmtnU  of  the  Anut  ajui  the  Po»t^nai  Gat. 
The  question  L-oncerniug  thv.  fftte  of  the  primitive  mouth  [blaBtoporell 
and  the  developmeut  of  the  nniiH  is  not  yet  nettled.  Many  discloBuroifl 
are  still  to  be  expected  from  a  comparative  study  of  these  atructura 
in  tht!  diffeivnt  classes  of  Vertebrates.  According  to  the  comman'j 
repi-esentaliou,  which  appears  to  m-'  to  tuiTtapond  on  the  wbotvl 
with  the  real  stnte  of  affaii-s,  the  primitive  mouth  is  a  Iransitoiy  1 
structure  without  penuunent  existence.  In  al!  Vertebrates  it  is 
suiTounded,  oa  in  .Amphioxus,  by  the  growth  of  the  medullary  fold^  I 
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Mid  wh«D  these  are  closed,  it  no  longer  lends  directly  lo  the  outside,  but 
into  the  posterior  end  of  the  neural  tube.  It  has  therehy  become 
the  familial-  cannHs  retire iitericuii  (lig.  159  ne).  Neural  tube  and 
mt«stitiAl  cHtial  together  form  a  U-sliaped  tube,  at  the  bend  cf 
which  the  rudiment  of  the  primitive  mouth,  or  primitive  groove,  is 
to  be  sought. 

The  anua  is  a.  new  rtrui-ture.     It  uriseii  on  the  ventral  side  of  the 


Ttf.  IBI.'  BuBui  *»l»Ta  of  Ok  m 

■rtU  RtBL. 


bod;^  (fig.  ISO  an)  at  name  diittance  in  front  of  the  place  where  the 
neuml  tube  bends  around  into  the  intestine.  Over  a  small  area 
the  entoderm  and  the  epidermis  here  grow  toward  each  other, 
and,  by  crowding  aside  the  middle  germ-layer,  eoia<'  into  contact  and 
form  a  thin  .septum,  the  anal  membrane.  Externally  this  place  is 
rharacf«rieed  in  many  animals  by  a  depression  uf  the  epidermis,  the 
anal  pit  (fig.  159  ait).  The  opening  of  the  intestine  to  the  outride 
takes  place  in  most  cases  at  a  rather  advanced  stage  of  development 
by  the  luptiiit;  of  the  thin  anal  mombrani?,  which  consista  of  only 
two  epithelial  layers.  The  pi-ocess  is  therefore  similar  to  that  by 
which  the  mouth  is  formed.  In  one  important  point,  however,  then 
exists  a  difiereni:e  between  the  opening  at  the  anterior  and  that  at 
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the  poeterior  end  of  the  body.  Whereas  the  oral  sinus  comen  in 
contact  with  the  aTtierior  end  of  the  fore  gut,  the  formation  of  the 
anus  does  not  take  place  at  the  pooterior  end  oF  the  embryonic  iiitfie- 
tine,  which  is  occupied  by  the  primitive  mouth  [blastopore],  but  at 
fiome  distance  in  front  of  it.  {Compare  also  fig.  126,  that  of  the 
Ohii^k,  in  which  the  region  vhere  the  anal  pit  is  to  be  formed  is 
designated  by  the  letters  an.)  Consequently  in  the  embryoe  of 
Vertebrates,  when  the  anus  has  broken  through,  the  embryonic  in- 
testinal tube  \n  still  continued  for  some  distance  back  of  the  anus  to 
the  primitive  month.  Thja  portion  ih  designated  an  the  pogt-anal  or 
OMidal  gut  (fig.  126  p.a.'j.).  The  1att«r  designation  in  appropriate, 
because  the  jxtrt  of  the  body  which  lies  behind  the  anus,  in  which  is 
enclosed  the  part 
of  the  intestine 
under  considera- 
tion, becomes  the 
tail-end  of  the 
embryo. 

The  post-anal 
gut  appeatx  to  be 
established  as  a 
shorter  or  longer 
tract  in  all  Ver- 
tebrates ;  it  has 
already  been  ob- 
served in  the  most 
widely  different  animals  by  several  investigators :  first  by  Kowalevskt 
in    Amphioxus,  the  Acipenseridie,  Selachians,  and  Teleoets  ;   then 

by  GOUTFE,  BOBRETZKT,    BaLFOUR,    HiS,   KoLLtKBE,  GASBEB,   BRA0K, 

Bonnet,  and  others  in  the  Amphibia,  Selachians,  Birds  (fig.  126 
p.a.g.),  and  Mammals.  In  the  Selachians  (Scyllium)  the  post-anal 
section  iit  the  time  of  its  greatest  development  attains  about  one- 
third  the  length  of  the  whole  alimentary  canat.  It  exhibits  at  its 
end  a.  small  veMcular  enlargement,  which  communicates  with  the 
neural  tube  by  means  of  a  narrow  opening.  In  an  advanced  embryo 
of  Bombinator  it  is  also  to  be  seen  well  developed,  ns  shown  in  the 
sagittal  section  fig.  159.  It  begins  at  the  place  marked  by  an, 
at  which  the  epidermis  has  sunk  down  to  form  the  anal  pit  (an)  and 
at  which  it  has  united  with  the  intestine,  immediately  behind  the 
mass  of  yolk-cells  collected  in  the  ventral  wall  of  the  latter.  From 
this  point  it  runs  backward  as  a  narrow  but  open  tube,  and  bends 


Fit.   1». -BafitMl 
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I  around  dorsally  into  the  neural  tube  as  the  nenrenteric  canal.  The 
primitive  montli,  nnw  closed,  forniorly  Iny  at  the  pince  of  bending. 

The  post-anal  gut,  siKiner  or  later,  undergoes  regressive  metamor- 
photiis  in  all  Vertebrates;  it  lones  its  cavity,  becomes  a  solid  epi- 
thelial cord,  afterwards  detncli&s  itself  from  the  anal  part  of  the 
intefttine  and  from  the  neural  tulw,  and  then  disapjieara  altogether. 
Thereby  the  neureatcric  canal,  the  last  remnant  of  the  primitive 
mouth,  has  ceased  to  exist. 

A  few  still  more  speoitie  statements,  in  aceoitlaiice  witli  the  repi-e- 
nentations  of  Sthaiil,  Koluker,  Bonnet,  Keibel,  and  Giacwmini, 
concerning  the  formation  of  the  anus  in  Mammals,  may  be  mentioned 


^H      Tic.  lao.-hwitUl  until 

ol,  Alluilol>;c|/:«,ni>>l 
Ml^.  middle  gsrai  la 
it  innxn  u>1d  Ihii  p 

_   ;;^.-.«"'^ 

^^V  in  this  connection 
^^H  even  in  embiyos  i 
^^1  of  the  primitive  st 
^^M  camU  is  sitnaied- 
^^H  of  the  middle  gei 
^^B  entoderm  and  ep 
^^H  two  latter  layers 
^^1  sharp  contour  (t 
^^t  this  position,  at 


Is  gBrm.tajer ;  .1,  slimBBUity 

this  connection.  The  first  fiuidament  of  the  anii-t  is  demonstrable 
imbiyos  with  few  primitive  segments.  At  the  posterior  end 
of  the  primitive  streak— at  the  anterior  end  of  which  the  nenrenteric 
caniU  is  sitnaled — the  anal  membrane  is  formed  by  the  disappearance 
of  the  middle  germ-layi.T  over  a  ^mall  area  and  the  close  cunbict  of 
entoderm  and  epidermis.  This,  however,  takes  place  so  that  the 
two  latter  layers  always  remain  separated  from  eai^h  other  by  a 
sharp  contour  (Sg.  160  a/m).  One  might  be  inclineil  to  regard 
this  poeition,  at  the  Undermost  end  of  the  primitive  streak  (pr), 
as  deviating  from  th*-  representation  just  given,  accoitling  to  which 
the  anus  arises  on  the  ventral  side  of  the  body  somewhat  in  front  of 
the  nenrenteric  canal.  That  is  not  the  case,  however,  as  the  further 
development  teaches  ;  for  in  meroblaatic  eggs,  in  cuuse^iienee 
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of  the  previously  described  process  of  folding, — by  means  of  which 
the  body  is  formed  from  the  flattened-out  germ-layers, — the  region 
which  originally  lies  behind  the  primitive  groove  comes  to  lie  ventral 
to  and  in  front  of  the  tail-end.  At  a  somewhat  later  stage  than  that 
shown  in  ^g,  160,  the  primitive  streak  in  front  of  the  anal  membnine 
grows  outward  as  a  small  ridge  and  subs<H]uently  enlarges  into  the 
tail  of  the  Mammal.  The  neurenteric  canal,  located  in  the  ridge,  is 
overgrown  by  the  medullary  folds,  and  upon  the  complete  closure 
of  the  latter  is  incorporated  in  the  neural  tube,  as  in  the  case  of  the 
remaining  Vertebrates.     In  the  case  of  Mammals  also  thei-e  is  formed 

a  small  caudal  gut,  which  sub- 
sequently degenerates.  The  more 
the  caudal  bud  protrudes  outward 
(fig.  161  9ch),  the  more  it  projects 
over  and  beyond  the  anal  mem- 
brane {a/m),  which  constantly 
moves  farther  toward  the  ventral 
side  of  the  body  and  is  now  found 
between  the  base  of  the  tail  {sch) 
and  the  fundament  of  the  allan- 
tois  (a/).  The  rupture  of  the  anal 
membrane  takes  place  relatively 
late ;  in  the  case  of  Ruminants, 
for  example,  in  embryos  that  are 
more  than  twenty-four  days  old. 
Apparently  the  anus  in  Birds 
arises  in  a  manner  similar  to 
that  in  Mammals.  According  to 
the  statements  of  Gasser  and  K5lliker  its  opening,  produced  by 
the  nipture  of  the  anal  membrane,  occurs  on  the  fifteenth  day. 


fi/m 


al 


Tig.  161.-8«fitUl  Motion  throoffh  tlM  tail- 
ond  of  an  embryo  Sheop  18  days  old  and 
witii  88  pain  of  primitiTO  MfmtBts,  after 

B4->NNET. 

$ckt  Tail-bud  or  teruiiiial  ridue  ;  nm,  amnion  : 
inff  its  niwodernial  (snuiatic)  layer ;  aftn, 
anal  membrane  lying  ventral  to  and  in 
front  of  the  tail-bud  ;  al,  allantoia. 


It  is  asserted  for  many  Vertebrates  ( Pctromyzon.  Triton,  Salamandra,  Rana 
temporaria,  Alytcs)  that  the  primitive  mouth  is  converted  directly  into  the  anus 
(Gasseb.  Johnson,  Skdcjwick.  Spenckr,  Kuppper,  Goette).  But  since  the 
development  of  the  posterior  part  of  the  body  pmroeds  from  the  margins  of 
the  primitive  mouth  (formation  of  the  cliorda  and  of  tlic  middle  germ-layer), 
it  would  be  difficult  to  understand  how,  in  these  cases,  the  tail-end  of  the  l>ody 
and  a  tail-gut  could  still  bo  formed.  Other  investigators  (Schanz  andBoMNRT) 
find  that  the  primitive  mouth  is  divided  into  two  openings— an  anterior,  which 
is  incorporated  in  the  hind  end  of  the  nenml  canal  (canalis  neurenteri&us, 
chonla-blaiitoporc),  and  a  posterior,  which  becomes  the  anus  (anal  blastopore, 
anal  canal).  The  statements,  which  are  still  contradictory,  must  be  cleared 
up  by  means  of  comparative  investigations. 


I 
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n.  Differentiation  of  the  Alimentary  Tabe  into  Separate  Regions 
and  Formation  of  the  Uesenteriea. 

At  firMt  the  iilimcnUiry  tube  Ls  bi-oadly  in  contact  (fig.  116)  with 
I  he  ilorsnl  wiill  of  the  trunk;  it  is  united  lo  the  chnrdii  (eh),  the 
Tii'urul  tiibo.iinil  thi'  primitive  segaenl^  by  meuns  of  a  hroiiil  tract  of 
embryonic  connective  tisniie,  in  which  the  fiinclanifiitA  of  two  large 
blood-vodsels,  the  pi-irailive  aavtm  (no),  are  eucloscit.  The  i-ight  ami 
left  portiooR  of  the  body-cnvity  are  therefore  still  separated  from 
each  other  on  the  dor>Jil  side  by  a  considerable  ch'stnnce.  The  older 
the  embryu  in,  tlie  lels  ihiH  distance  becomes,  until  there  results  a 
taiKntfry,  a  structure  which  Ls  established  along  the  whole  length  of 
the  intestinal  tube,  with  exueption  of  the  anterior  portion,  iu  the 
foUowuig  manner  (compare,  Plate  I.,  figs.  8  and  9  with  fig.  10).  The 
ftliiuenlary  tube  recedes  from  the  chorda ;  at  the  same  time  the  broad 
tract  of  eonnectiye  tissue  previously  mentioned  becomes  narrower 
from  right  to  left,  but  olongntod  dortw-ventrally  (tig.  10,  Plate  I.) ; 
the  two  aortfe  ejnbraeed  in  it  move  nearer  and  nearer  together  and 
finally  fuse  into  a  single  trunk,  which  lies  in  the  median  plane  between 
chorda  and  intestine.  After  the  further  advance  of  thi-s  process  the 
alimentary  tube  and  chorda  remain  united  by  means  of  only  a  thin 
baud,  which  stretches  from  tbe  front  to  the  liiud  end  of  the  embryo. 
Tlis  procef.'da  from  tlie  connective  tissue  enveloping  the  chorda, 
enrloses  along  itti  line  of  origin  the  aorta,  and  It  comiKtsed  of  three 
layers:  a  connect! ve-ti.ssuc  l.-imella,  in  which  blood-vessels  run  to 
the  intestine,  and  two  epithelial  coverings,  wliich  are  derived  from 
the  middle  germ-layer  and  are  now  comjmsed  of  greatly  flattened 
eeUs. 

The  differentiation  of  Uu:  ulimealary  iulm  into  aeparnte  luyn-etfuivalent 
regions  Igiiig  one  liehind  the  oilier  l»gin.s  with  the  development  of  the 
stomach.  Thin  first  liecomes  distinguLshable,  at  some  distance  be- 
hind the  respii'atory  tract,  as  a  small  spindle-shaped  unlargement,  the 
long  axia  of  which  corresponds  with  that  of  tlie  lK>dy  (ligs.  1G2  and 
IftS  Stg).  Snch  a  condition  U  attained  by  the  human  embryo  of  the 
fourth  week.  Five  successive  regions  may  now  be  distinguished  in 
the  whole  eniliryonic  alimentary  tube:  the  oral  cavity,  the  throat- 
cavity  with  its  viiceral  clefle,  which  is  narrowed  into  the  shape  of  a 
funnel  whoi-e  it  merges  into  [the  tliird  region,]  the  gidlet.  This  is 
followed  by  the  spindle- abapfd  enlargement,  the  stomach,  and  the 
latter  by  the  remaining  portion  of  the  alimentary  tube,  which  still  is 
more  or  less  broadly  r<.nnetle<l  (iJs)  with  the  yolk-sac.     Excepting 
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the  first  three  regions,  the  whole  alimentary  tube  poesesses  a 
mesentery  (mesenterium),  the  part  which  is  attached  to  the  stomach 
being  designated  b}*  the  special  name  mesogastrium. 

In  many  Fishes  and  Amphibia  this  condition  Ls  permanent.     Even 
in  the  adult  the  alimentarj'  tube  takes  only  a  slightly  sinuous  course 


Fig.  ir,2. 


Fig.  1(13. 


Fif .  168.— Alimentarj  tube  of  a  hnnuui  tmbryo  (/t  of  Hir)  6  mm.  long,  n«ck  mMwnremt&t   Pruni 

HiH,  "  Menschliohe  Entbryonen."    MAgnifled  20  diametera. 
HTt  Ratiike'h  iiocket;  Ut,  lower  Jaw  ;  Stl,  thyroid  gland  ;  Ch,  Chorda  dorsalifl ;  Kk,  entrance 

to  lAi-ynx ;  Lff,  lung ;  ^fy,  stomach  ;  I\  jiancreait ;  JJtfjy  heintic  duct ;  Jh^  vitelline  dnct 

(HtAlk  of  the  intmtine) ;  All,  allantoic  dnct ;  If,  Wolffian  duct,  with  budding  kidney-dnct 

(urvter) ;  B,  buriw  iielviw. 

Fif.  168.— Alimentarj  tube  of  a  hnmaa  embryo  {Bl  of  IIik)  4-86  mm.  long,  neck  m«ami«m«nt 

From  HiH,  "  Menwhliche  Embryonen."    Mac^ified  30  dianieterH. 
The  abbreviation!!  mean  the  same  as  in  fig.  162. 


through  the  body-cavity.     The  stomach  appears  as  a  spindle-shaped 
enlargement  of  it. 

An  alteration  is  brought  about  in  all  higher  Vertebrates  by 
a  more  or  less  considerable  inci^ease  in  the  length  of  the  tube, 
which  eventually  far  exceeds  that  of  the  trunk.  CJonsequently 
the  alimentary  tulH»,  in  order  to  find  room  for  itself  in  the 
body-cavity,  is  compelled  to  take  a  tortuous  course.     In  this  way 
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certain  prtrte  romaiii  near  the  vertebral  column,  wheretis  others, 
as  a  renult  of  the  folding,  are  more  Jiatnnt.  The  former  are 
attached  hy  means  of  a  narrow  mesentery  and  are  conaequently 
less  movable,  the  latter  by  their  change  in  position  have  drawn 
out  their  suspenAorinI  liand  into  fv^  thin  lamella,  which  Hometime« 
attains  a  remarkable  breadth  and  allows  a  con-expondingly  increased 
freedom  of  motion. 

The  processea  of  development, 
which  are  in  part  very  complieated, 
are  satbsfactorily  explained  by  the  ex- 
cellent works  of  Meckel,  Jorannes 
MVlleb,  Toldt,  an<l  Hia,  even  in 
the  caxe  of  human  embryos,  so  that 
these  may  serve  as  a  foundation  for 
the  deM-ription. 

In  hnman  embryos  of  the  fifth 
and  sixth  weeks  the  posterior  i^ur- 
fftce  of  the  -stomatdi,  that  which  is 
turned  toward  the  vertebral  column 
(fig.  164  yc),  b  greatly  distended; 
the  anterior  wall  {kc)  on  the  con- 
trary, which  upon  opening  the 
body-cavity  in  found  to  be  covered 
by  the  already  voluminous  liver,  is 
somewhat  deprensed.  ConRcquently 
a  line  running  along  the  posterior 
surface  from  the  entrance  of  the 
Htomach  (cardia)  to  its  outlet 
(pylorns)  is  much  longer  than  the 
eorreeponding  line  along  the  an- 
terior snrface.  The  latter  becomes 
the  future  lesser  curvature  (Ac) ; 
the  former,  along  which  the  meeogasti 
curvature  (ge). 

The  portion  of  the  tube  which  follows  the  stomach  has  become 
folded,  in  conseqaence  of  its  great  increase  in  length.  From  the 
pylorus  the  intestiiuil  tube  {die)  at  firet  runs  Imckward  [dorsad]  for 
a  short  distance  until  it  is  close  to  the  vertebral  column,  makes  a 
sharp  bend  here,  and  then  describes  a  large  loop,  the  convexity  of 
which  is  directed  forward  [ventrad]  and  downward  [caudad]  toward 
the  navel.     The  loop  consists  of  two  nearly  parallel  arms  (d^  and  rf*) 


Tif.  ISi.'DiA^runmfttlo  npnHBlAtliin 
ortliailim«DU[7iiuul>f>*li-wHka 
ombiyt  of  Hu,  tJist  Toldt. 

*fi.    <Emjthikgaa ;    Ir,    iamet    ciiFTAtnrv ; 

du,  dUDjebiun;  d\  pHlt  of  the  loop 
tlmt  win  becamo  Chinwuill  Inlatltuii 
'(*,  ]Mit  nf  th«  loop  UiKt  wilJ  bBaaaa 
tbo  lints  InUMlu  ud  bgtfu  iritL 
tiui  atfeiim ;  il",  plan  ot  coonacUon 


s  attached,  is  the  great«r 
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running  near  each  other,  between  which  is  stretched  the  mesentery 
(ms),  which  is  likewise  drawn  out  with  the  loop.  One  arm  (d^)  lies 
in  front  and  is  directed  backward,  the  other  (cP)  lias  behind  it  and 
runs  upward,  to  be  again  bent  near  the  vertebral  column ;  thence, 
supported  by  a  naiTow  mesentery,  it  pursues  a  straight  course  (r) 
backwai-d  to  the  anus.  Tlie  transition  from  the  fii'st  to  the  second 
arm,  or  thi^  apex  of  the  loop,  is  iml)edde<1  in  an  excavation  in  the 
foetal  end  of  the  umbilical  cord,  and  it  is  there  in  communication 
with  the  umbilical  vesicle  by  means  of  the  vitelline  duct  {(P),  now 
in  process  of  degeneration.  At  some  distance  from  the  origin  of 
the  vitelline  duct  there  is  to  be  seen  in  the  second  arm  of  the  loop 
a  small  enlargement  and  evagination  {d^).  This  is  afterwards  de- 
veloped into  the  coccum,  and  it  therefore  indicates  the  important 
boundary  between  the  small  and  large  intestine. 

In  consequence  of  these  first  foldings  four  regions  of  the  intestine 
can  be  distinguished  even  now ;  these  ai*e  more  sharply  separated 
later.  The  short  portion,  running  from  the  stomach  to  the  back- 
bone and  provided  with  a  small  mesentery,  becomes  the  duodenum 
(du) ;  the  anterior  [ventral],  descending  arm  (cP),  together  with  the 
bend  in  the  loop,  furnishes  the  small  intestine  ;  the  posterior  [dorsal], 
ascending  arm  is  developeil  into  the  colon  (cP\  and  the  terminal 
part,  embracing  the  last  bend,  into  the  sigmoid  flexure  and  the 
rectum  (r). 

In  embryos  of  the  third  and  following  months  there  occur,  in  con- 
nection with  a  further  increase  in  length,  inijKirtant  changes  in  the 
position  of  the  stomach  and  the  intestinal  lo<jps. 

The  stomach  undergoes  a  double  twisting,  about  two  different  axes, 
and  thereby  early  acquires  a  form  and  position  (figs.  165  i4  and  B) 
which  correspond  approximately  to  the  permanent  condition.  First 
its  longitudinal  axis,  which  unites  cardia  and  pylorus  and  is  in  the 
beginning  parallel  with  the  vertebral  column,  takes  an  oblique  and 
finally  an  almost  transvei-se  position,  in  consequence  of  a  rotation 
ai*ound  the  dorso-vontral  axis.  Thereby  the  cardia  moves  to  the  left 
half  of  the  Ixnly  and  downwards,  but  the  pylorus  more  to  the  right 
side  and  somewhat  higher.  Secondly,  at  the  same  time  the  stomach 
experiences  a  toi'sion  around  its  longitudinal  axis,  by  which  the 
originally  left  side  ])ecomes  the  front  [ventral]  and  the  right  the  back 
[dorsal].  Consequently  the  greater  curvature  comes  to  lie  below 
[posterior],  the  les.ser  above  [anterior].  The  terminal  part  of  the 
oesophagus  is  also  affected  by  the  toi-sion ;  it  undergoes  a  spiral 
twisting,  by  which  its  left  side  becomes  the  front. 
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The  embr70iuc  procesies  of  gronthiDtbe  cose  of  tba  alimentary  tobc  Bhed 
light  on  the  asymmetrical  position  of  the  two  nervi  vagi,  wliich  pass  through 
the  dinplinigDi.  the  left  on  the  front  side  of  tlio  tcBophagus  (o  be  distil bii ted 
to  the  front  siile  of  tlie  stomacb,  the  right  on  the  tinuk  side  iif  tht<  <£90pliagiis 
to  the  correspon'iing  Hurfaco  of  the  stamaoh.  IF  we  inlBgiDe  the  process  of 
toraion  in  cose  of  the  tsaophaguii  and  stomach  to  be  reversed,  the  H^mmetry  in 
the  cooree  and  distribution  of  the  v^  will  Ite  complete];  rentared. 

The  tornon  of  tlie  stomach  nnturally  exerciser  a  great  influence  on 
the  mesoiKurtTinin,  iin<3,  as  Jrin,  MIji.leu  was  thpfinrt  to  show  clearly, 


initiates  the  developmont  of  the  ip-enter  omentuin  (omeutiim  mnjun). 
Ax  long  as  the  .stomach  has  a  vcrticiil  position,  iU  mewntory  is  n 
verti(»l  lamella,  which  stretches  fi-om  the  vertebml  column  (fig.  164) 
ilireptly  to  the  greater  curvature,  that  is  etill  tUrected  backward 
[dorsad].  But  iu  consequonee  of  the  torsion  it  becomes  greatly 
stretched  and  enlarged,  because  its  attocliment  to  the  stomach  must 
follow  all  the  displacements  ut'  that  organ.  From  its  origin  at  the 
vwtebral  column,  it  therefore  now  betakes  itself  to  the  left  and 
downwaiil  to  become  attached  to  the  greater  curvature  of  the 
fltoiuach  :  it  assumes  a  shape  and  position  of  which  the  reader  will 
easily  form  a  correct  idea  if  he  mentally  combines  the  diagram  of 
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Sg.  165  with  the  cross  nection  nhown  in  fig.  166.  In  this  way  there 
is  formed  a  cavity  {bursa  omentalie,  fig.  166  **),  separated  from  the 
rest  of  the  body-cavity,  which  has  its  opening  turned  toward  the 
right,  whose  front  wall  in  formed  by  the  stomach  and  whoae  back  and 
lower  wall  is  formed  by  the  mewgafltriiim  {gn},  gn^.  In  the  diagram- 
matic figurcn  165  A  and  B  the  entrance  to  the  buna  is  indicated  by 
the  direction  of  the  arrows. 


»«.  IM. 


The  bnrxa  omeDtalin  (fig.  166  **)  moreover  acqniics  a  BtJH  greater  c: 
from  the  fact  tli&t  the  liver  (2)  lias  bj  this  time  grown  into  a  lar^  ftlanii,  and  in 
nnitoii  to  the  lessor  carvnturo  of  the  xtoiDBCh  by  means  of  tho  ICBser  omentam 
(hn),  the  deveiopmeat  of  which 
we  shall  treat  of  later.  There- 
tore  the  bursa  does  not  open, 
Bs  Id  the  diagnun  (fig.  166),  In 
which  the  liver  with  ita  Uga- 
ments  is  omitted,  at  once  into 
Ihe  common  body-cavity  at  the 
lesser  curvature  of  the  stomach, 
but  first  into  an  atUe-ehaa^ier 
(thea(r)«n  bttrta  ome>UaiiM),oT 
the  letter  omcMai  peehet,  which 
lies  behind  the  leaser  omentam 
(ia)  and  tbe  Uver  (0. 

Tkt  tnteaHnal  hop  vtxth 
iU  mesenten/  paeaa  throngh 
a  no  leuJundameiUallvjiet- 
ing  around  its  place  of  at- 
tachment in  the  lumbar 
region  than  the  stomach 
does.  The  descending 
and  tbe  ascending  arms 
at  6rst  lie  side  by  side. 
ITien  the  latter,  which  becomes  the  colon  (fig.  166),  lays  itself  obliquely 
over  [ventral  to]  the  former,  and  erotiet  tfte  beginnii\g  of  tAe  tmall 
intestine  (k)  transversely.  Both  parts,  but  especially  the  small  in- 
testine, continue  from  the  end  of  the  second  month  to  increase  rapidly 
in  length  and  tA  take  on  a  folded  condition.  Meanwhile  the  initial 
part  of  the  colon,  or  the  ccecum  (fig.  165  A  bid),  which  exhibits  even 
in  the  third  month  a  curved,  sickle- shaped,  vermiform  appendage, 
comea  to  lie  wholly  on  the  right  side  of  the  body  up  under  the 
liver;  from  here  it  runs  in  a  transverse  direction  across  [ventral 
to]  the  duodenum  under  [caudad  of]  the  stomach  to  the  region  of 
tbe  spleen,   then  bends  ^arply   about   (flexura  coli  Uenalis)  and 
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deHcends  to  the  left  pelvic  region,  where  it  i 
sigmoid  flexure  and  rectiiin,  Thei'efore  there  : 
the  colon,  even  in  the  third  month,  the  ccecus 
the  descending  colon.     An  fvscending  colon 


I  continued  into  the 
.re  distinguishcible  in 
,  the  transverse  and 
still  wanting.  It  is 
inking 


formed  in  the  succeeding  months  (tig,  165  £)  by  the  gi-adual 
down  of  the  ccecuro,  wbicli  waa  at  first  under  the  fiver,  until  in  the 
seventh  month  it  !»  below  the  right  kidney,  and  from  the  eighth 
month  onwai'd  descend)*  past  the  crest  of  the  ilium. 

Meanwhile  the  ca-mtjii  has  increased  in  length  and  toward  the 
end  of  pi-egntkncy  is  iv  luther  large  appendage  at  the  place  of  tran- 
sition from  the  small  to  the  large  intestine.  It  early  eshibitM  a 
want  of  aniformity  in  development  (fig.  165  B  bid).  The  terminal 
part,  which  often  embraces  moi-e  than  half  its  length,  does  not  keep 
pace  in  its  growth  with  the  moi'e  rapidly  enlarging  proximal  portion ; 
the  formerisdosigniitfidaKtbe  ajipendiv  ticnrtt/orwm,  the  latter  as  the 
eoBCtim.  At  the  time  of  bij'th  the  vermiform  appendage  is  still  not 
so  sharply  differentiated  front  the  ctecum  as  it  is  a  few  years  Inter, 
when  it  bax  been  I'ouverted  into  an  appendage  of  the  size  of  a  gooae- 
quill  and  6  to  8  cm.  long. 

Within  the  region  embraced  by  the  l)ends  of  the  large  intetttino, 
the  small  intestine,  which  is  derived  from  the  descending  arm  of 
the  loop,  is  disposed  in  more  and  more  numei-ous  folds  owing  to 
ite  extensive  gi'owth  in  length  (lig.  165  S). 

At  first  al!  regions  of  the  intestine  from  the  stomach  onwurd  are 
lio  united  to  the  lumbar  region  of  the  vertebral  column  by  meanu  of 
a  common  mese'iUri/  (meseuterium  commune)  that  they  can  move 
freely  (fig.  165  A  and  B).  The  mesentery  is  naturally  influenced  by 
the  increase  in  the  length  of  the  intestine,  inasmuch  as  its  line  of 
insertion  on  the  intestine  exceeds  in  length  many  times  the  line  of 
origin  at  the  veitebral  column  (radix  mesenterii),  and  is  thereby  laid 
into  foldii  like  a  frill.  Such  an  arrangement  of  the  mesentery  is 
found  to  be  the  permanent  condition  in  many  Mammals,  as  in  the 
Dog,  the  Cat,  etc. 

But  in  the  cose  of  Man,  from  the  fourth  month  onward,  the 
arrangement  of  the  mesentery  is  much  more  complicated.  Tbei'e 
occur  changes  which  may  be  briefly  characterised  as  proceetes  of 
Jimon  and  amereaceiux  of  cerlam  portions  of  ihe  jneseiiterial  lo/meUa 
tmth  eonligiiems  parts  of  the  peritoneurii,  either  of  the  posterior  wall 
of  the  body-cavity,  or  of  neighboring  organs.  They  aflTect  the 
niMentery  of  the  duodenum  and  colon,  which  is  always  present  in 
the  first  half  of  embryonic  development. 
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The  duodamm,  deacribiog  the  weU-koown  horaeehoe-Hhaped  curve, 
applies  ite  meeentery,  in  which  the  beginning  of  the  pancreas  is  en- 
cloeed,  broadly  to  the  posterior  wall  of  the  body,  ftod  fusee  throughotit 
its  whole  extent  with  the  peritoneum  of  the  latter;  from  being 
a  movable  it  has  become  an  immovable  portion  of  the  intestine 
{fig.  167  du). 

The  large  irUeatine  (figH.  165  and  167  A  and  B  <A)  still  possesses  in 
the  third  month  a  very  broad  Buupensorium  arising  from  the  vertebral 
column,  which  is  nothing  else  than  a  part  of  the  common  meeentety 


Wit.  in  A  B.-Tv»  < 


ffn^,  pcMtoriur  [doiwl]  luuelU  of  (ba  gnAtu 
gn;  utfriOT  [vential]  lunslti  of  ths  nms,  i 
(jb)  ;   i/ii",  tliu  jitit  of  thi  ODiEiitniii  which  hu  grown 

JD  of  tho  truuvene  oolua. 


of  the  intestine,  but  which  has  received  the  special  designation  of 
maoeolon  {vuc).  In  consequence  of  the  previously  described  twisting 
of  the  primitive  loop  of  the  intestine,  not  only  the  colon  trans- 
versum,  but  also  the  considerable  mesocolon  belonging  to  it,  has  been 
drawn  transversely  across  the  end  of  the  duodenum ;  for  a  certain 
distance  it  fuses  with  the  latter  and  with  the  posterior  wall  of  the 
body,  thereby  acquires  a  new  secondary  line  cS  attachment  (fig.  167 
m«e)  running  from  right  to  left,  and  thus  appears  as  a  part  that  has 
become  detached  from  the  common  mesentery.  The  colon  transvannun 
(ct)  with  its  mesocolon  {ttue)  now  divides  the  body-cavity  into  an 
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Upper  [anterior]  part,  which  coutJiicB  the  stomach,  liver,  diiodenuni, 
and  panci'eas,  anil  a  lower  part,  holding  the  f-mall  intestine. 

Thus  embryology  explains  the  striking  condition  of  the  duodenum, 
which,  in  order  te  pass  from  the  upper  to  the  lower  space  and  to 
become  contiuuouH  with  the  Mmnll  inteatiuo,  piL^.set^  underneath  [doreal 
to]  the  transversely  outntretched  mesocolon  (figs.  165  and  167  dw). 

Also  in  the  cose  of  the  suspeusoriiim  of  the  ciccum,  and  of  the 
HGcending  und  descending  arms  of  the  colon,  there  occurs  a  more  or 
leea  extenwve  coucrwM-ence  with  the  peritoneum  of  the  wall  of  the 
trunk.  Therefore  tn  the  adult  the  parts  of  the  intestine  named 
sometinies  lie  with  their  poi^terior  wall  bniodly  in  contact  with  the 
body'Wall ;  Bometiraes  they  are  suppurteil  by  a  broader  or  narrower 
meaentery. 

There  still  remain  to  be  described  the  impoi-tant  changes  ot  the 
bursa  omviUalU,  the  development  of  which  during  the  firet  months  of 
embryonic  life  we  hiive  already  (p.  '209)  become  acquainted  with. 
The  bursa  Vb  distinguished,  tii'iit,  by  a  very  considerable  growth, 
and,  secondly,  by  the  fact  that  it  fuses  with  neighboring  oi'gans  at 
various  places.  In  the  beginning  it  i-eaches  only  to  the  greater 
curvature  of  the  stemacb  (figs.  1(>5,  16G),  to  which  it  is  attached] 
but  even  from  the  thii-d  month  onward  it  enlarges  and  Jays  ittielf  over 
[venti'al  to]  the  visi-era  wliich  lie  below  the  stomach,  at  first  over  the 
transven*  colon  {fig.  167  J  -jn*,  yn*),  then  over  the  whole  of  the 
small  intestine  (fig,  167  A  gn').  The  bursa  coniuste,  an  far  a&  it  bos 
extended  downwards,  of  two  lamellie,  which  lie  close  to  each  other, 
separated  by  only  a  veiy  narrow  space,  and  iii-e  continuous  at  their 
lower  margin.  Of  these  the  more  superficial,  the  one  which  is  nearei* 
to  the  ventrjil  wall  of  the  belly,  is  attached  to  the  greater  curvature 
ot  the  stomach  {yc)  \  the  posteiior  [dorsal]  lamella,  which  liesi  upon 
the  intestines,  is  originally  attached  to  the  vertebml  column  and  here 
encloses  the  main  part  of  the  pancreas  (%6.  167  ^  ^  and  166  ;)).  In 
the  case  of  -many  Mammals  (Dog)  the  bursa  omentulis  remains  in 
this  condition.  In  Man  it  begins  as  early  us  the  fourth  month 
to  undergo  fusions  (tig.  167  B).  On  the  left  side  of  the  body  the 
posterior  lamella  reposes  on  the  [Mwterior  wall  of  the  body  over  a 
large  extent  of  surface,  and  fuses  with  it  (i/w*),  so  that  its  line  of 
attechment  to  the  vertebral  column  moves  laterad  up  to  the  origin 
of  the  diaphragm  (lig.  phrenico-Uenale).  Fai'ther  down  it  glidee  over 
the  upper  [anterior]  surface  of  the  mesocolon  (m«c)  and  over  the 
transverse  colon  (c() ;  it  becomes  fused  with  both  of  them,  with  the 
former  as  early  as  the  fourth  embi^onic  month.     At  tlie  time  of 
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birth  the  two  lamellae  of  the  portion  of  the  bursa  which  has  grown 
over  the  intestines  are,  as  in  many  Mammals,  separated  by  a  narrow 
fissure  (fig.  167  B  gv?) ;  during  the  first  and  second  years  after  birth 
they  ordinarily  fuse  into  a  single  lamella  in  which  fat  is  deposited. 

m.  Deyelopment  of  the  Separate  Organs  of  the  Alimentary  Tabe. 


The  simple  growth  in  length,  to  which  i>i  to  be  referred  the  for- 
mation of  the  convolutions  just  described,  is  only  one  and  certainly 
not  the  chief  means  by  which  the  inner  surface  of  the  intestine  is 
increased.  The  latter  acquires  a  much  greater  addition  from  the 
fact  that  the  inner,  originally  smooth  epithelial  layer,  which  is 
derived  from  the  entoblast  of  the  germ,  forms  evaginations  and 
invaginations.  By  invaginations  toward  the  cavity  of  the  intestine 
there  arise  numerous  folds,  small  papillae  and  villi,  which  give  to  the 
mucous  membrane  at  most  places  a  velvety  structure ;  by  evagina- 
tions toward  the  outer  surface  of  the  tube  there  are  developed 
various  kinds  of  larger  and  smaller  glands. 

By  this  simple  device,  the  formation  of  folds, — ^the  great  importance 
of  which  in  the  determination  of  form  in  animals  was  particularly 
set  forth  in  Chapter  IV.  of  Part  I., — the  mucous  membrane  acquires 
to  a  much  greater  extent  the  ability  :  (1)  to  secrete  digestive  fluids, 
and  (2)  to  absorb  the  nutritive  substances  that  are  mechanically  and 
chemically  prepared  in  the  intestine,  and  to  transfer  them  into  the 
body-fluids. 

I  discuss  the  numerous  organs  which  are  produced  by  the  process 
of  folding  according  to  the  regions  into  which  the  intestinal  tube  is 
divided,  beginning  with  the  organs  of  the  oral  cavity. 

A,  The  Organs  of  the  Oral  Cavity  :  Tongue,  Salivary  Glands,  and  Teeth, 

(1)  The  Tongue  arises,  according  to  the  investigations  of  His  upon 
human  embryos,  out  of  an  anterior  and  a  posterior  fundament 
(fig.  168). 

The  anterior  fundanient  appears  very  early  as  an  unpaired  eleva- 
tion (tuberculum  impar.  His)  on  the  floor  of  the  oral  cavity  in  the 
space  surrounded  by  the  mandibular  ridges.  It  grows  a  good  deal 
in  width,  and  its  anterior  margin  projects  free  over  the  mandible, 
thus  forming  the  body  and  tip  of  the  tongue.  Even  as  early  as  the 
beginning  of  the  third  month  some  papillae  make  their  appearance 
on  it  (His,  K))llikeb). 

The  posterior  fimdament  produces  the  root  of  the  tongue,  which, 
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although  free  from  papillte,  is  richly  provided  with  follicular  glunde. 
It  is  developed  out  of  two  ridgeH  in  the  region  where  the  second  and 
third  visceral  arelien  come  together  in  the  median  [ilane.  The 
nnt^iior  and  posterior  fundaments  unite  in  a  V-sha|)ed  furrow, 
the  arms  of  which  diverge  in  front.  The  circumvallate  papillft>  nre 
formed  on  the  body  of  the  tongue  along  thia  fnrrow,  which  perwiaLe 
for  ft  long  time.  Where  the  two  arms  of  the  V  meet  there  is  a  deep 
pit,  the  foramen  ciecam,  which  Hia  has  brought  into  connection  with 
the  origin  of  the  thyi-oid  gland.i,  which  will  lioon  be  discussed. 

(2)  The  Salivary  Glands  are  demonstrable  even  in  the  second 
month.  The  fundament  of  the  niibmaxillary  appoam  IJi'Rt  in  human 
embryos   at  the   oixth    week 

(OniEViTz),  after  word.t  the 
parotid  in  the  eighth  week, 
and  fiiiully  the  sublingual. 

(3)  From  a    morphological 
point  of  \-iew,  the  Teeth  can 
well  be  designated  as  the  most 
interesting  structures  of   the 
oral   cavity.      Their   develop- 
ment in  Man  and  Mammali' 
is  ucoompliidied  ii 
which    is  neither  simple  i 
easily     intelligible ;     in     the  '' 
lower  VertebrateH,  on  the  con- 
trary, it  is  simpler,  and  for  that  rea-so: 
aa  the  starting-point  of  the  description. 

The  teeth,  which  in  MammalH  are  attached  to  the  edges  of  the  jaw!) 
and  only  bound  the  entrance  to  the  alimentary  tube,  possess  in  t)ie 
lower  Vertebrates  a  very  wide  distribution.  For  in  many  species  they 
not  only  cover  the  roof  and  the  floor  of  the  oral  cavity  and  the  inner 
surface  of  the  branchial  arches  in  immense  numbers,  as  palatal, 
lingual,  and  pharyngeal  teeth,  but  they  are  itlso  distributed  in  clot<e-set 
rows  over  the  whole  surface  of  the  skin,  and  prodace,  as  in  the 
Selachians,  a  strong  and  at  the  same  time  flexible  coat  of  mail, 

Tb»  ttelh  an  originally  nothimj  else  than  owified  pajnlUn  of  the  skin 
and  the  mwxus  m«mbran«,  upon  the  contiguous  surfaces  of  which  they 
are  formed.  The  developjnejil  of  the  demuU  teeth  in  Selachians  Bhows 
this  in  a  very  convincing  manner. 

In  young  Shark  embryos,  by  a  proliferation  on  the  part  of  the  sub- 
epithelial cells,  there  are  developed  on  the  otherwise  smooth  surface 

20 


Fi(.  IW.— ToBtiu  of 


1  I  shall  make  use  of  the  latter 
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(if  tiiG  dermin,  which  comoB  from  the  embryonic  mesenchyme,  sm^I 
ptipillip  I'ompoRBd  of  TiumerouB  fells  {fig.  169  tp),  and  these  penetrato 
into    the   thick   werlj-ing   epidermi';.      Tlie   Intter  also   iindergoee 
chungea  on  its  part,  which  are  directed  towai-d  the  formation  of  the  J 
tooth  ;  for  those  of  its  cells  which  immedintely   coyer  the  papillan 
grow  out  into  very  long  cylindrical  forms,  and  produce  an  organ  tba| 
function  of  which  is  lo  secrete  enamel,  the  so-called  enarnel-men^trana 
(fig.  189  em).     By  meAUH  of  further  growth  the  whole  fundament 


■^ix- 


next  (iftsumeB  n.  form  which  con-eapoiids  to  the  fiitui«  hard  stnictura'l 
(lig.  ITO). 

Then  the  process  of  oBfdfication  hegina.     There  ia  Gecrct«d  hy  tb*| 
meet  sii[>erl)ciiil  celli>  of  the  papilla  (o),  the  txlontobltul-layer  (roenh-l 
broua  ebonB).  a  thin  layer  of  dentine  (:£),  whidi  resta  upon  tiMl 
papilla  like  a  cap.     At  the  name  time  the  ennmel-mi'mbninQ  («»)fl 
begina  itti   t<ecretive  activity,   and   coats  the  outer  surface  of    tbftj 
dentinal  cup  (zb)  with  a  firm,  thin  layer  of  enajnel  («).     The  body  of 
the  tooth  is  developed  and  becamex  ever  fimier  and  larger  by  tJie 
subsequent  continual  deposition  of  new  layers  on  the  hrst-formed 
oneBi—oii  the  dentinal  cap  new  deutino  from   within  through  t 
activity  of  the  odontoblasts ;  on  the  coating  of  enamel  new  layers  d 
enamel  from  without,  through  the  action  of  the  enamet-meu 
Thiia  theistnicturo  pi-ojecl*  moiv  and  more  above  the  level  of  t 
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skin,  iind  the  tip  of  the  tooth  finally  breaks  through  the  epidermal 
covering.  The  tooth  then  acquires  a  still  firmer  attachment  in  the 
dermis  fi-om  the  fact  that,  at  thi»  siirfnce  where  tlie  lower  margin  of 
the  dentine  owurs,  salta  of  Ume  are  deposited  in  the  superficial  layers 

I  of  the  eonnettive  tissue  (ffi*),  and  thus  a  kind  of  connective-tissue 
bone,  the  cemetUnm  o/lhe  tooth,  is  produced. 

The  finished  tooth  therefore  is  constmcted  out  of  three  calcified 

I   tiasueH,  which  fti-iwe  from  three  sepivrate  fundaments.     The  tl«nti»« 


.  ^*^i^^~~~ — ,  _  ^ 


tig.  170. -Lt. 


(lakei  ita  origin  friym  the  oiUmtoblatt-Utjfer  of  iM  dental  papilla  (me**™- 
oAynw),  the  enajnel/rom  the  epithelial  enamel -membrane  {outer  germ- 
]byer),  and  the  eenietUum  Jrom  eoiMtiKiive  tievwt  in  the  vicivity  by 
vnetma  of  direcl  oatificaiiim.  The  finished  tooth  has,  moreover, 
within  it  a  cavity,  which  is  filled  with  n  vasctilar  connective  tissue 
(p^p),  the  remnant  of  the  papilla.  When  the  enamel -membrane 
baa  fnlfilleii  ita  office  it  perishes,  for  in  the  process  of  secretion  its 
sella  become  ahorter  and  shorter,  and  aje  finally  reducnl  to  flat  scales, 
Irhich  are  afterwards  thrown  off. 

In  Bolachians  the  formation  of  the  t«eth  which  occupy  the  edges 

J  jawp  and  serve  for  the  comminution  of  the  food  differs  from 

imple  process  in  one  important  point ;  they  take  their  origin, 

.  on   the   tree   surface    of    the  mucous  membrane,    but   in    its 

s  (fijr.  171).     The  ejiithd'wl  tract  of  the  oral  miicoiia  membratie 
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which  fharM  in  ths/ormatum  of  teeth  /uu  »»/JiA  rfeep  (tet»n  in  the  form 
of  a  ridge  (e/)  on  the  inner  surface  of  the  jate-archea,  into  the  muUr- 
lyinij  looee  connective  tinsue,  a/tnl  now  reprtaenU  a  ipeciai  organ, 
distinguishable /rom  ite  surrowidings.  Tfai«  imporiant  ditTerencc  is 
producer!  by  the  fact  that  in  tbe  development  of  the  teeth  of  the  jaws 
more  active  procewee  of  growth  tJike  place,  first  because  these  t«eth 
are  muc)i  larger  than  the  dermal  teetL,  aod,  secondly,  because  they 
are  more  rnpidly  worn  out  and  must  consequently  be  moi-e  rapidly 
■  replaced  by  tupplementary  teeth.  As  we  havp  often  had  the  oppoi-- 
tunity  of  oliserving  in  tlie  study  of  the  produclion  of  niorphologicnl 
conditions  in  niiimal."  genei-ally,  portioim  of  epithejinl  membranes  that 


grow  more  rapidly  than  their  surroundingR  emerge  fioni  the  latter 
and  become  folded  either  outward  or  inward. 

The  proeeM  of  the  formation  of  teeth  ie  the  same  on  Die  denUil  ridgt 
itself  as  upon  the  free  surface  of  the  skin.  There  are  developed  on  its 
outer  Bide,  which  is  turned  toward  the  cartilage  of  the  jaw  (k), 
numerous  papillce  {sp),  lying  alongside  of  and  belund  one  another, 
which  grow  into  the  invaginated  epithelium  just  as  the  derm&l 
papillro  grow  into  the  epidermis.  Thus  there  arise  in  the  depths  of 
the  mucous  membrane  several  rows  of  teeth,  of  which  the  most 
superficial  anticipate  in  development  those  which  lie  deeper;  the 
former  are  the  first  to  break  through  the  mucous  membrane,  to 
become  functional,  and,  after  having  been  worn  out,  to  be  cast  off; 
they  are  also  the  first  to  be  supplanted  by  reserve  teeth,  which  lie 
boliiiid  thi'm,  and,  de\-eloping  somewhat  later,  are  coneeqnentlj' 
younger. 


I 
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Whereas  iii  the  Seltictiiuns,  as  well  ub  in  the  Inwer  Vertebrates 
geam-&\ly,  the  rfplaeeiiierU  of  teeth  hy  imio  ones  is  throughout  life  an 
vnUmited  pi-ocesa,  sini'e  new  papillfe  are  coiitinually  being  foi-med 
in  the  depths  of  the  dental  ridge  (polyphyodont),  it  is  in  the  higher 
Vertebrates  more  limited,  and  in  most  Maiumals  occurs  only  once. 
There  are Junaed  o7i  Uie  riAje  two /luulaments  (diiibyodoTit),  one  btMiuI 
lAe  otAar,  one/m-  the  viilk-t^tit  aitd  a  second/or  the i/ennaiyent  teetfi. 

In  the  cage  of  Man  the  develojnneitt  of  the  teeth  begiiui  as  airly  as 
the  eeeoud  numth  of  embryixnie  life.  A  ridye  {si)  (the  enaiiml-ijenn  of 
older  authors)  grows  from  the  epithelium  of  the  orul  cavity  both 
on  the  maxillary  and  ninndibular  archeji^os  it  also  does  in  other 
tDUmmalian  embryoii  (fig.  290) — into  the  richly  cellular  embryonic 
connective  tissue.  The  region  from  which  this  growth  into  the 
depths  takes  plu.te  (fig,  172  A  and  B)  is  marked  exteriorly  by  a 
gi-oove,  which  runs  parallel  to  the  arch  of  the  jaw,  the  so-ciiUed 
dental  groove  (s/').  The  head  of  the  human  embryo  represented  in 
figure  289  shows  this  groove  at  a  little  distance  behind  the  fundament 
of  the  upper  lip. 

At  fiiTJt  the  dental  ridge  is  uniformly  tliiii  imJ  separated  from  ita 
Burrounding)4  by  u  smooth  surface.  There  h  nothing  to  he  seen  as 
yet  of  the  separate  fiindiLmeut^  of  the  teetb.  Then  the  epithelial 
cells  OH  the  side  of  the  lidgc  which  is  directed  outwards  begin  at 
eertaiD  plates  U>  gi-ow  and  to  produce  at  regular  intervals  from  one 
another  as  many  thickenings  us  thei'e  are  to  be  teetli  (tig.  172  A). 
In  Man,  who  has  twenty  milk-teeth,  the  number  of  these  ie  ten 
in  each  jaw.  The  thickenings  now  twssunu>  a  Hutik-sEmped  form 
(fig.  172  B),  and  graduaUy  detach  them.'telves  from  the  outer  surface 
of  the  epithelial  ridge  {zl),  ejccopt  at  the  neck  of  the  ila«k,  which 
remains  ui  connection  with  it  at  a  little  dititiince  from  itii  deep  edge. 
Because  the^e  epithelial  gi-owths  have  relation  to  the  uecretion  of 
anamel,  they  have  received  the  name  of  eiiamel-organg. 

In  the  meantime  the  connective  tissue  has  taken  its  lirst  steps 
toward  the  formation  of  the  tooth  (tig.  172  A  a,nAB).  At  the  bottom 
of  each  flask  the  connective-tieaiie  cella  exhibit  active  growth,  and 
give  rise  to  a  papilla  (!:p)  coi-responding  in  form  to  the  future  tooth. 
Aa  the  papillie  of  the  dermal  teeth  gi'ow  into  the  epidermis,  so  this 
papUla  grows  into  the  enamel-organ,  which  is  thereby  made  to  take 
the  form  of  a  cap. 

Then  thespeeiul  layers  from  which  the  formation  of  dentine  and 
mamel  pi-oceed  oi'e  diirereutiateil  in  both  fundaments  so  far  as  these 
mutual  contact.     At  the  tiurface  of  the  papilla  (lig.  172  B  ap) 
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the  cells  assume  spindle-shaped  forms  iind  group  themsdvea  into  a 
kind  of  epithelial  layer,  the  layer  of  the  dentine- forming  cells  (mein- 
brana  elwrk).  On  the  part  of  the  cap-like  enamel-organ  the  cells  of 
the  deepest  kyer,  whith  is  in  immediate  contact  with  the  papilla,  are 
converted  into  very  long  cyUnilen;  and  constittite  the  enamel-mem- 
brane («m,  membranii  a.lamiintinw).  The  Iftttpr  becomes  graduaUy 
thinner  toward  the  bast-  of  the  [Hipilla,  where  it  is  continued  as  a 
layer  of  more  cubical  elements  (»e).  which  formB  the  boundary  at  the 
surface  of  the  cap  sepiinitiiig  it  from  the  surrounding  connective 
tissue.  Between  these  two  cell-layers  (the  inner  and  the  outer 
epithelium  of  Kolukbk)  the  remaining  epithelial  cells  of  the  enamel- 
organ  undergo  a  peculiar  metaraorphowa,  and  produce  a  kind  of 
gelatinous  tissue,  the  eiMiitd-piilp  (»/>) ;  they  sw-vete  between  them  a 


fluid  rich  in  mucus  and  albumen,  aud  become  themselveB  converted 
into  stellate  ceils,  which  are  uniteil  lo  one  another  by  their  proct^aeeR, 
and  thus  form  a  fine  network.  The  eiuimel-piilp  is  moet  highly 
developed  in  the  fifth  or  sixth  month,  aud  then  diniiniBhos  up  to  the 
time  of  birth  in  the  same  ratio  as  the  teeth  increotte  in  size. 

The  connective  tissuo  immediat«ly  enveloping  the  whole  fundament 
uquii'CH  numerous  blood- vessels,  from  which  biancbes  also  make  thi^ir 
way  into  the  papilla ;  it  becomes  somewhat  difTereutiat^d  from  the 
surrounding  tissue,  and  is  distinguished  as  dental  sac  (lig.  172  H  ta). 

The  soft  fundaments  of  the  teeth  eulai-ge  up  to  the  lifth  month  of 
embryonic  life,  and  at  the  same  time  Hcijuire  the  pai-ticuhir  forms  of 
the  t«eth  which  are  to  arise  from  them — those  of  the  incisors,  the 
canines,  and  molars.  Then  the  pi-oce£s  of  ossification  begins  (fig.  173) 
n  tlie  dermiLl  t«eth.    A  cap  of  dcntiue  {sb)  ie 
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I  formed  by  the  odontoblasts  (o),  or  dentinal  celU  ;  this  cap  at  the  same 
time  acquirer  a  coating  of  euamel  (s)  h-om  the  enamel- membrane 
(sm) ;  tbeti  there  ai'e  continuully  depoKited  on  the  /i:'st  layers  netr 
i,  until  the  crown  of  the  tooth  is  completed.     Under  pressure  of 

I  the  latter  the  enamel-pulp  {»p)  atrophies,  aud  forms  only  a  thin 


The  piipilla  (:;))  is  c 


'  covering  to  the  tooth  at  birth 
is  of  connectivL'  tisane 

fiUa  the  cavity  of 

the  t«oth  as  the  no- 

called  pulp.     The 

larger  the   whole 

structure  becomPB, 
I  the  more  it  raises 
I  Up  the  tisKue  of 
t  the  gum,  which 
[  covers  the  edge  of 

«    it    to    lie- 
I  Gome       gradiiiilly 
thinner.     Fiimll}'. 
it  breaks  through 
thegumsooniiftHi 
birth,  aud  at  tlif 
me    time    cast:- 
r  from   its  Biu- 
r  face  the  atrophied 
I  remiuuit    of    the 
enamel -organ. 
The    time    haH 
[  DOW  come  in  which 
[  the  third  hard  sub- 
's of  the  t,M.th 

I  U  formed,  tin-  ixineutiiiit  that  envelops  the  root.  So  far  as  the 
I  dentine  has  received  no  coating  of  enamel,  the  bounding  con- 
I  aective  ttmue  of  the  dental  i^c  (.»)  begins,  after  the  eruption  of  the 
I  teeth,  to  oeijify  and  to  pi-oduce  a  genuine  bone-tissue  with  numerous 
I  Bhabpev's  fibres  ;  this  Ixjoy  tissue  contrilmtes  to  the  firmer  union  of 
■  the  root  of  the  tooth  with  iti^  connective- titisiie  surroundings. 

The  eruplion  o/t/ie  leet/i  ordinarily  takes  phiee  with  a  certain  degree 
I  of  uniformity  in  the  second  half  of  the  first  year  after  birth.  First 
I  the  inner  iiicL-torii  of  the  lowei'  jaw  bri'ak  thi'ough  in  the  oixth  to  the 


eighth  moDthij ;  theii  in  the  course  of  n  few  weeks  those  of  the  upper 

jaw  follow.     The  outer  [lateml]  iuciEorB  appear  during  the  period 

between  the  seventh  and  ninth  months,  those  of  the  lower  jaw,  again, 

tumewhcLt  earlier  than  tboee  of  the  upper  jaw.     The  front  mol&rs 

usually  appear  at  the  beginning  of  the  second  year,  those  of  the  lower 

jaw  first :  then  the  gap  thus  left  in  the  two  rows  of  teeth  in  filled  by 

the  eruption  of  the  canine  or  eye-teeth  in  the  middle  of  the  r«C0Dd 

year.     Finally,  the  eruption  of  the 

biu;k  molius,  which  may  be  delayed 

into  the  third  year,  takes  pWe. 

The fuTtdajiiwit  of  (/«  cewros  feetA 
7/iaA«  ih&,T  itppearance  at  the  aidt  <(f 
thawa  of  the  milk-teeth  at  an  extra- 
ordinarily early  period.     They  also 
take  their  origin  from  the  epithelial 
ridgo.     As  was  pi-eviously  (lig,  172 
A  and  B)  stated,  the  lidge  ejitends 
(itill  deeper  ixf)  into  the  underlying 
tissue    from    the   plat*    where   the 
enamel -organs    of    the    milk-teetli 
have    been    differentiated    from    it 
and  where  they  remain  united  to 
it  by  means  of  an  epithelial  cord, 
the  ueck.      llvie  in  a  aliort  time 
there  again  appi'ar  near  the  edge  of 
the  ridge  (fig.    174  ««».  V)  U**''- 
ehaped  epithelial  growths  and  deutAl 
papillee,   which    lie    on    the    inner 
[median]  Hide  of  the  dental  £ 
the  milk-teeth.     In  addition  there 
ai-e  developed  at   the   ends  of  the 
i-ight  Hud  left  lialvte  of  the  jaw,  tba 
or  grinders  (the  molar  teeth  of  t 
permanent  set),  wliich   are  not  subject  to   replacement,  but  are 
formed  once  for  all.      The  ossification  of  the  second  generation  of 
teeth  begins  a  little  time  before  birth  with  the  first  large  molars, 
and  is  followed  in  the  first  and  second  years  after  bii-th  by  that  of 
the  incisors,  canines,  ete.     As  a  result  in  the  sixth  year  there  are  ia 
both  jaws  forty-eight  ossified  t«eth, — twenty  milk-teeth  and  twenty- 
eight  peinoaneul  crowus, — as  well  as  four  fundaments  of  i 
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Tbe  dieddUtg  of  tlie  teet/t  ordinarily  bf-'gioK  in  the  seventh  year.  It 
is  initiated  by  the  dieorganisation  and  absorption  of  the  roots  oE  the 
imlk-te«th,  under  the  preaaure  of  the  growing  new  generation.  One 
finds  here  exactly  the  uame  appearances  as  ia  the  atrophy  of  osaeou» 
tiuBue,  concerning  which  we  have  the  thorough  investigations  of 
KoLLiKER.  There  arise  on  the  i-ootw  of  the  teeth  the  well-known 
pits  of  HowsHir,  in  which  large,  uniltinucJear  cells,  the  oaleodaeU  or 
bone-deitroyera,  are  imbedded.  The  ci-owna  are  loosened  by  surren- 
dering their  union  with  the  dt«per  connective -tissue  layers.  Finally, 
when  the  permanent  teeth,  owing  to  the  growth  of  theii-  roota,  push 
forth  out  of  the  alveoli,  the  crowns  of  the  milk-teeth  ai-e  thereby 
raised  up  and  fall  otr. 

The  pemtaneiit  teeth  geiiier<iMif  apjieiir  in  the  foUowiny  order  :  at 
firnt,  in  the  seventh  year,  the  first  [front]  molars ;  a  year  later  the 
middle  incisors  uf  the  lower  jaw,  which  are  followed  a  little  later  by 
those  of  the  upper  jaw;  in  the  ninth  year  the  lateral  iniiisors  are 
tenth  year  the  fii-st  premolars,  in  the  eleventh  year  the 
second  premolars.  Then  in  the  twelfth  and  thirteenth  years  the 
and  the  second  molars  come  through.  The  eruption  of  the 
third  molars,  or  wisdom  teeth,  is  subject  to  great  variation  :  it  may 
take  place  in  the  seventeenth  year,  but  it  may  be  dohiyed  till  tbe 


thirtieth. 
L  development, 


0<!Ci 


lly  the  wisdom  teeth  r 
that  they  are 


r  attain  a  complete 


S.  The  Oya» 


:  arieiii'j  Jrom  Ute  Pha/ryia: :  ThyiW: 
Larijn^.,  and  Luwj. 


I,  Thyroid  Oland, 


Whereas  in  the  water -breathing  Vertebrates  the  viscenil  clefts 
I  remain  throughout  life  and  buhsei-ve  I'espiration,  they  are  completely 
■  closed  in  all  Amniota  as  well  :m  in  a  part  of  the  Amphibia.  The 
I  only  exception  is  in  the  cane  of  the  first  cleft,  lying  between  the  mun- 
I  dibulur  and  the  hyoid  arches,  which  ia  converted  into  tbe  drum  of  the 
r  ear  (tympanum)  and  the  Eustachian  tube,  and  thiie  entera  into  the 
service  of  the  organ  of  hearing,  in  connection  with  which  it  will 
subsequently  engage  our  attention. 

However,  the  remaining  visceral  cleftti  do  not  disappear  without 
leaving  any  trace.     From   certaiu  epithelial  tracts  of  these  there 
arises  an  organ  of  the  neck-region  which  functionally  is  still  proble- 
matic, the  thymus,  the  morphology  of  which  haa  been  veiy  essentially 
I  advanced  during  the  last  few  yeaiii. 
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(1)  The  Thymus 

has  been  for  several  years  a  favorite  object  of  embryological  investiga- 
tion, since  the  time  when  Koluker 
made  the  interesting  discovery  that 
in  mammalian  embryos  it  takes 
its  origin  from  the  epithelium  of  a 
visceral  cleft.  This  discovery  has 
since  then  been  corroborated,  and 
at  the  same  time  extended ;  for  also 
in  such  animals  as  persistently 
breathe  by  means  of  gills  the 
thymus  is  developed  out  of  epi- 
thelial tracts  of  the  open  and  func- 
tionally active  gill-clefts. 

Let  us  first  examine  the  original 
condition  as  exhibited  by  Fishes. 
As  stated  by  Dohrn,  Maurer,  and 
DE  Meuron,  the  thymus  {th)  of  the 
Selachians  (fig.  175)  and  the  Bony 
Fishes  has  a  multiple  origin  and  is 
derived  fi*om  separate  solid  epithelial 
growths,  which  take  place  at  the 
dorsal  ends  of  all  the  gill-clefts,  and, 

indeed,  to  a  greater  extent  on  the  anterior  than  on  the  posterior  ones. 


schr 
n»d 


Fig.  175.— Diagr&m  to  ahow  the  develop* 
meat  of  the  thymoe,  the  thyroid 
fUnd,  and  the  aooeuory  thyroid 
fUnde,  and  their  relatione  to  the 
▼isoeral  pooketa  in  a  Shark  embtyo, 
after  de  Meuron. 

«c/t',  $ch*,  Firat  and  sixth  visceral  pockets ; 
t//,  fundaiueuts  of  the  thymus ;  *d, 
hyroid  gland  ;  tud,  accessory  thyroid 
gland. 


7if .  176.— Two  diaframs  [▼entral  aspect]  of  the  derelopment  of  the  thymna,  the  thyroid  gland, 
and  the  aeoesaory  thyroid  g lands,  and  their  relatioaa  to  the  Tiaoeral  pooketa  in  a  LUard 
embryo  (A)  and  a  Chiok  embrjro  (JB),  after  de  Meurom. 

aeh\  xrA',  Firat  and  second  visceral  pockets  ;  «^  thyroid  gland ;  nsd,  accessory  thyroid  gland  ; 
th,  fundament  of  thymus. 

In  the  Bony  Fishes  the  separate  fundaments  at  an  early  period,  even 
before  they  have  detached  themselves  from  their  matrix,  fuse  together 
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into  a  epindle-Khaped  orgiin   lyiog 
nbove  the  inseition  of  the  gill-archee, 
which  BubHetiutintly    becomes  inde- 
pendent, jiiBt  an  it  dues  in  SelucLiutui. 
Tlie  originaUy  epithelial  product  ac- 
quiruK  a  peculiar  liistologicul  chai'- 
acter    fiwrn    being    penetrated    by 
ingrowths   of  connective- tiasue  elo- 
nientf.     In  the  firat  place  lymph- 
cells  in  great  quantities  migrnte  in 
between    the   epithelial   cells,  in  a 
manner  similar  to  that  described  by 
SriJHR  in*  of  frequent  occurrence  in 
the  t«riito*y  uf  mucous  membrunes. 
Secondly,  the  epitbelLil  growth   m 
tiaverRed  in  all  directions  and  cut 
I  Up  into  small  portiorut  by  connective 
I  tiKuue,  ill  which  lympli -foil ides  ai'e 
'   formed.      The  thymus  thereby  ac- 
quires the  ap[>eanince  of  a  lymphoid 
oi;gan,  in  wliich  the  epithelial  rem- 
D&utM  ai«  still  in    part  preserved, 
J  but  only  in  the  form  of  very  small 
I  qtherical  portions,  as  the  corpuacles 
I  of  Hassall.     At  a  still  lat«r  stage 
I  of  development  there  arise  in  the 
I  organ  irregular  cavities  tilled  with 
I  molecular     gruiiuleM.       Thet«     are 
K  Mused    by    the    disintegration    nf 
K^ymph-celU  and  the  melting  down 
iof   the  reticular  connective  tissue, 
Ivhich  takes  place  here  atid  there. 
In  the  liighej',  air-breathing  Ver- 
I  tebrut«a  the  tliymus  is  derived  either 
1  irou  the  epitheb'um  of  two  or  three 
I   defta  or  only  from  the  epithelium 
erf   the  third  visceral   cleft,   which 
becomes  closed.     The  former  is  the 
caw  with  Reptiles  (6g.   176  J    fA) 
and  Birds  (tig.  ITti  S  ih),  the  latt«r 
with   Mammals.      In   Reptile*   and 


tl^nU  fluul   u  tta*   B«k   sf  thg 
Unid  lA).  Ih*  OUek  IB),  ud  Ita* 
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Birds  the  two  fundumente  fiixe  eai-ly  upon  either  side  of  t) 
into  a   loDgish   tract   of   tissue,    which    in    the   fofmei- 
(fig.  177  A),  but  in  the  latter  very  much  elongated  (fig.  17 

Id  Mammals  it  in  principally  the  thii'd  visceral  cleft  which  ood- 
tributes  to  the  formation  of  the  thymuB.  According  to  KoLLlKEB, 
BoBH,  and  Rabl  this  i»  the  only  one  which  comes  into  considera- 
tion, whei-eas  de  MsunoN,  Kastschenko,  and  J 
His  give  an  account  which  differe  from  this,  J 
but  only  in  minor  details. 

Tlie  fiu-ther  changes  of  the  fundament  of  the 
thymuH  in  Mummals  and  in  Man  may  be  briefly 
summiiriiied  us  follows.     Tbu  thymuB.Kac,  which 
probably  takes  its  origin  from  the  thii'd  vis(«ral  I 
pocket,  encloeee  only  a  very  narrow  cavity,  but! 
pocsesses  a  thick  wall  composed  of  many  elon-  W 
gated  epithelial  cells  (tig.  178).     It  then  grows 
downward  toward  the  pericardium,  and  at  the 
posterior  end  begins  to  form,  like  a  botryotdal 
gland,  numerous  rounded  lateral  brunches  (e),    i 
(KoLLiKEB.)     These  are  from  the  beginning  otm 
their  formation  solid,  whereas  the  sac-like  part  a 
(u),    wliich    occupies-  the    neck-i'egion,   i 
continues  to  exhibit  a  narrow  cavity. 

The  budding  continues  for  a  long  time,  an^l 
meanwhile  ext«nds  to  the  opposite  end  of  thvfl 
originally  Hiraple  glandular  sac,  until  the  whole^ 
organ  has  assumed  the  lohcd  stnicture  peculiar  fl 
to  it.     At  the  same  time  an  histolugicHl  a 
Fig.  m.-ThjmD.«f »      aorphotiis    is    also    taking   place.      Lymphoi 
emhrjo  Kibbit  of  18      connective  liBtue  und   blood-vessels  grow   i 
iiH^ius^      LL.KCB.      ^^^  ^j^j^  epithelial  walk  and  gradually  destraj^fl 
0  Qimwi  i'f  lirj  thjDiiia ;      n^^  appearance  which  so  resemblen  a  botryoi 
uttbaatKu.  gland.      With  the  increase  in  the  idse  of  thaj 

organ  the  lymphoid  elements  couiing  from  t 
surrounding  tissue  predominate  more  and  more ;  the  epithelial  r 
nants  are  finally  to  be  found  only  in  the  concentric  bodies  of  E 
as  Maurbr  has  shown  for  Bony  Fishes  and  ua  His  has  undoubtedly^ 
rightly  inferred  for  Man  and  Mammals.    Tlio  cavity  originally  preaent; 
and  re»tdting  fi-oni  the  invagination  disajtpears,  and  instead  of  it 
thei'e  arise  new  ii-regular  cavities,  probably  the  rwult  of  a  breakiiig 
down  of  the  tissue. 
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The  further  hiaUn-y  of  the  Utipnvs  in  Man  permits  the  recognition 
if  (wo  periods,  one  of  progressive  and  ane  of  rerfreeHve  development. 

The  iiret  period  extends  into  the  second  year  aftfli-  bii-th.  The 
thymus  of  the  right  sidt'  and  tliat  of  the  left  move  in  their  growth 
close  togetlier  into  t>ie  medinii  plane  and  here  fuse  into  an  unpnired, 
lobed  organ,  whose  double  origin  iK  to  be  recognised  only  by  the  fact, 
that  the  organ  is  ordinarily  composed  of  lateral  halves  separated  by 
connective  tis!iue.  It  lies  in  front  of  [ventral  to]  the  pericardium  and 
the  large  blood-vesael^  beneath  the  bi-eajitljone,  and  is  often  elongated 
into  two  horns  which  extend  upwards  to  the  thyroid  gland. 

The  second  period  exhibits  the  organ  undergoing  regreswive  meta- 
morpho»<i»,  which  usually  leads  to  its  total  'lisappearance,  the  par- 
ticulars of  which  can  be  learned  from  the  text^books  of  llixtology. 


(2)  The  Thyroid  Glund 

is  found  on  the  anterior  surface  of  the  neck,  and  appears  to  be 
developed  in  almost  all  classes  of  Vertebrates  in  a  tolerably  uniform, 
typical  manner  from  an  unpaired  and  a  paired  evagination  of  the 
phai-yngeal  epithelium.  We  must  therefore  lUstinguiah  unpaired  and 
paired  fundaments  of  the  thyroid  gland. 

The  ur^Mtred  fimda/menl  haji  been  longest  known.  There  in  nut 
a  single  class  of,  Vertebrates  in  which  it  is  wanting,  as  htta  been 
established  especially  by  the  investigations  of  W.  MiJLLER.  It 
appears  to  be  an  organ  of  veiy  ancient  origin,  which  showa  relation- 
ship to  the  hypobranchlal  ftirrow  of  Amphioxus  and  the  Tunicates. 

DoHBN  Ims  opposed  this  hjpolheais  and  bas  expressed  tbe  view,  which  \s  also 
abared  by  others,  but  whicli  locks  proof,  that  the  thyroid  gland  is  the  renmant 
of  a  bat  gill-cleft  of  the  Vertebrates. 

The  unpaired  thyroid  gland  arises  as  a  small  evagination  of  the 
epithelium  of  the  front  wall  of  the  throat  in  the  median  plane  and 
in  the  vicinity  of  the  second  visceral  arch.  Tlien  it  detaches  il«elf 
completely  from  its  place  of  origin,  and  is  converted  either  into  a 
Bolid  spheroidal  body  (Selachians,  Toleoats,  Amphibia,  etc.)  or  into  an 
epithelial  vesicle  having  a  small  cavity  {Birds,  Mammals,  Man,  etc.). 
The  vesicle  subsequently  loses  its  cavity. 

Id  Man  the  development  of  the  unpaired  part  of  the  thyroid  gland  is  related 
to  the  tormation  of  the  root  of  the  toogne,  as  His  states  in  his  investigatioDB 
of  human  embryos.  The  previonaly  described  ridges  lying  on  the  floor  of  the 
tbroat-cavitj  in  the  vicinity  of  the  second  and  third  visceral  arches,  which  noite 
In  the  median  plane  to  form  the  root  of  the  tongue,  sntronnd  a  deep  depression. 
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which  is  the  equivalent  of  the  evagination  of  the  pharyngeal  epitheliam  in  the 
remaining  Vertebrates.  By  the  further  approximation  of  the  ridges  the  depres- 
sion becomes  an  epithelial  sac,  which  remains  for  a  long  time  in  communication 
with  the  surface  of  the  tongue  by  means  of  a  narrow  passage,  the  dactns 
th}Teoglossas. 

The  paired /ujidameTUs  of  the  thyroid  gland  were  discovered  a  few 
years  ago  by  Sti.eda  in  mammalian  embryos,  but  they  have  been 
more  fully  investigated  by  Boen,  His,  Kastschenko,  de  Meueon, 
and  others  in  Mammals  and  other  Vertebrates  (excepting  Cyclo- 
stomes).  In  the  Amphibia,  as  well  as  in  Birds  and  Mammals 
(fig.  176  B),  there  are  formeil,  a  little  wliile  after  the  appearance  of 
the  unpaired  fundament,  two  hollow  evaginations  of  the  ventral 
epithelium  of  the  throat  behind  the  last  visceral  arch  and  in  con- 
nection with  the  last  visceral  cleft.  They  come  to  lie  immediately  on 
either  side  of  the  entrance  to  the  larynx.  In  many  Reptiles  (fig.  176 
A  7isd)  there  is  an  interesting  deviation  due  to  the  fact  that  an 
evagination  is  developed  only  on  the  left  side  of  the  body,  while  on 
the  right  it  has  become  rudimentary.  Even  in  the  Selachians 
(fig.  175),  as  DE  Meueon  appears  rightly  to  maintain,  paired 
fundaments  of  thyroid  glands  are  present.  They  are  the  previously 
mentioned  supra-pericardial  bodies  discovered  by  v.  Bemmelen.  These 
arise  as  evaginations  of  the  epithelium  of  the  throat  behind  the  last 
pair  of  gill -clefts  near  the  anterior  end  of  the  heart.  In  all  cases 
the  evaginated  portions  of  the  epithelium  become  detached  from 
their  parent  tissue  and  enclosed  on  all  sides  by  connective  Ussue ; 
they  then  undergo  a  metamorphosis  similar  to  that  of  the  unpaired 
fundament  of  the  thyroid  gland. 

In  regard  to  their  ultimate  position  there  exist  considerable 
differences  between  the  separate  classes  of  Vertebrates.  In  the 
Selachians  the  supra-pericardial  bodies  remain  far  away  from  the 
unpaired  thyroid  gland,  being  located  in  the  vicinity  of  the  heart ; 
but  in  the  other  Vertebrates  they  move  more  or  less  close  to  the 
gland,  and  have  here  acquired  the  name  of  accessory  thyroid  glands 
(fig.  \11  A  and  B  nad).  Finally,  in  Mammals  and  Man  the  approxi- 
mation has  led  to  a  complete  fusion  of  the  unpaired  and  the  lateral, 
paired  fundaments  {^g,  177  C).  Together  they  constitute  a  horse- 
shoe-shaped body  that  embraces  the  larynx.  It  is,  however,  to  be 
observed,  that  at  the  time  of  their  fusion  the  lateral  fundaments, 
in  comparison  with  the  median  one,  are  only  very  small  nodules. 
Consequently  Kastschenko,  who  is  probably  in  the  right,  ascribes  to 
the  former  an  inconsiderable  importance  for  the  development  of  the 


THE   ORGANS   OF  THE   INNER   DERll-LAVER.  319 

whole  mtuv  of  the  thyroid  gland,  whereas  Hib  maintainx  that  they 
become  in  Mun  the  volmninous  lateral  lohea,  and  that,  the  unpaired 
fundament  b("(X)mes  tha  small  middle  pnil  of  the  organ. 

The  further  develojiment  of  tht  thyi-oid  gland  is  accomplished 
in  n  very  Hitnilar  manner  in  all  Vei-tebratee.  Two  stageu  are 
distinguishable. 

During  the  fir»t  utage  the  whole  fmiilament  growa  out  into 
<  cylindrical  ix>nlH,  which  in  turn  push  oat  lateral  budx 


I 


on  of  thes 
[■stices  of  I 


I  with  < 
.'Inch  II 


e  another  there  is  formed  a 

'  (listrilnited  branches  of  the 


(fig.  179).  By  the 
network,  into  the  i 
blood-vesBol» 
together  with 
embryonic  con- 
nective tissue. 
In  the  cane  of 
the  Chick  it  is 
found  that  tlic 
thyroid  gland 
has  reachf'l 
thiBstageof  de- 
velopmpiit  on 
the  ninth  day 
of  incubation, 
in  the  Rabbit 
embryo  when 
it  is  about  six- 
teen   days   old,       TUo'la.a™]  "(i-s)  ..nd  o...di™  (HSI  tl,ir„kl  ,laods  v>  tn  ynx»ii  <,f 

in  Man  in  the  '"-i"".   i-,  ui-i-»«i.;  i^-inu^t™. 

second  month. 

During  the  necond  Rtage  the  network  of  epithelial  cordx  is  resolved 
into  the  characteristic  follicles  of  the  thyroid  gland.  The  cords 
acquire  a  narrow  lumen,  around  which  the  cylindrical  cells  are 
regularly  arranged.  Then  there  are  formed  on  the  cords  at  short 
interrals  enlargements,  which  are  separated  by  slight  constric- 
tiona  (fig.  180),  By  the  deepening  of  the  coustrictiona  the 
whole  network  is  finally  subdivided  into  numerous,  small,  hollow 
epithelial  vesicles  or  follicles,  which  are  separated  from  one  another 

•  [The  elevation  caused  by  tbe  mid-brain  maj  be  called  tho  apex  or  crown 
(Scheitel).  Id  later  etoges  the  distance  between  crown  aod  rump  is  greater 
tlian  Ihat  between  neck  and  rump,  hence  the  measiireineDt  is  made  from  the 
crown.     Compare  foot-note,  p.  2KS.] 
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hy  highly  viwcular  embryonic  tissue.  Subeeqiienlly  the  follMes 
iiicreoiie  in  else,  especially  in  the  case  of  Man  ;  this  re«u)t«  from  the 
epithelial  celki  secreting  n  considerable  quantity  of  colloid  Kubetance 
into  the  cavity. 

A  few  fnrlher  detailB  oonceming  the  thyroid  gland  of  Man,  for  which  we  are 
lndebl«d  ti>  His,  maj  be  of  inUrest.  Fint,  it  is  to  be  notod  that  the  lateral 
[nndamects  are  conndenbly  morc!  Tolnminoos  than  the  middle  pnit,  and  that 
the  fature  fQQdamental  form  of  the  oi^n  is  thus  from  the  beginning  pre- 
detcnaiaed.  Hecondlj',  Bomo  rare  anatomical  mnditions  (His)  are  ezplaioBd 
by  the  developmcnl,  adch  as  tbo  doctua  liogualis,  the  ductus  tlijroideas,  and 
tho  glandula  nnprabyoidca  and  praehyoidea.  As  whs  prcvioQBlj  stated,  the 
unpaired  fnadament  of  the  thyroid  glaad  is  coDQcctcd  with  the  root  of  the 


tongue  by  a 


IS  of  thp  ductus  tbjfrci^los 


When  the  thyroid  gland  m 
from  ita  plaoo  of  origin  faither 
down,  this  duct  bocomes  eloo- 
^Hted  into  a  narrow  epithelial 
[laBsage,  whow  external  orifloo 
remnins  pennanenlly  visible  w 
the  foiamen  c<ecum  at  the  bas« 
of  the  tongue.  The  remaining 
part  asuailr  nnder^oea  degene- 
ration, but  orCBstoDHlly  eonw  < 
par1.!i  of  It  also  persist.  That  I 
Ibe  foramen  ct&cnm  is  aome-  J 
times  clougated  into  a  canat 
(ductus  lingualiB)  2)  cm.  long, 
ihat  leads  to  the  body  of  the 
hyoidboae.  In  other  inslanoeB 
the  middle  part  at  the  tJiyroid 
gland  is  prolonged  upward  in 

continued   as  a  tube   (ductui  J 

tbyroideus)  to  tbo  byolJ  bone.    Finally,  according  to  II la,  the  glandular  ti 
now  and  Ihun  lo  be  observed  in  the  vicinity  of  the  hyoid  bone — the 
thyroid  glands,  as  well  as  the  glandula  eapta-  and  pne-byoidea — . 
inteipreted  as  remnants  of  the  ductoa  thyieoglossus. 


*1  Ihu  i/Und  ;  f.  giaudahLr 


a  to  be  1 


(3)  Lung  and  Latynx. 

The  lung  with  itA  outlet  (larynx  and  trachea)  is  developed,  likal 
a  lobed  gland,  out  of  the  (esophagus  in  a  tolerably  uniform  mtus 
as  it  appears,  for  all  amniotic  Yertebratea.     Immediately  bebind  the 
unpaired  fundament  of  the  thyroid  gland  (fig.  181  Sd)  there  ariac 
the  ventral  side  of  the  oesophagus  a  groove  (A'i),  which  is  sUghtljr  , 
enlarged  at  itn  proximal  end.     It  is  to  be  seen  in  tho  Chick  at  the  I 
beginning  of  the  third  day,  in  the  Rabbit  on  the  tenth  day  after 
fertilisation,  and  in  the  human  embryo  when  it  is  3-2  mm.  long. 
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n  the  gi'oove-like  oviiginiitioH  bocomen  separated  from  the  over- 
lying poi-lion  of  the  alimentary  tiilxi  by  two  lateml  ridgos ;  this 
fiirniKhet«  the  timt  indication  of  a.  differentiiitioii  into  ojsophagna  and 
trochen  (fig.  181),  Then  there  grow  out  from  the  enliirged  pottterior 
ends  of  the  groove  (lij,-!!.  181,  163)  twu  tunall  mics  (/^/)  toward  the  two 
aides  uf  the  body  (in  the  Chick  in  the  middle  of  the  third  day),  the 
[iindamentfii  of  the  rii;tit 
andloftlung.  Envelo|ed 
in  a  thick  layer  of  em- 
bryonic connecti  ve 
tiaatie,  they  ure  in  iin- 
nuedinte  uotitiict  iiehind 
wilh  the  fiindamenl  of 
the  heart;  liiternlly  they 
project  into  the  nntorior 
6Hfnii-e-Uke  prolongation 
of  the  body  -  cavity. 
With  thiin  the  oHsentiitl 
parta  of  the  I'eHpinitory 
HppamtiiH  are  eKtub- 
lished ;  at  this  stage 
in  amniotic  Verlehriit«s 
they  resemble  the  simple 
aao-likentructureHwhii'h 
the  lungB  of  Aiii|i)iibiii 
present  permanently. 

In  the  fui-l.her  coni-se 
of  ilevolopment  the  fun- 
dameut8  of  trachea  and 
uKopUaguK,  whioh  com- 
manicate  by  meanit  of  a 
fifBiire,l)ecomeKe[)anited 
by  a  coniBtriction  which 
begins  behind,  where  the 
pulmonary  sncs  huve  budded  out,  find  gradmiUy  moves  forward.  The 
oonsbricting  oFT  is  here  int«rriipte(l  ut  the  pluee  which  becomes  the 
entrance  to  the  larynx.  The  liLtter  in  distinguishable  in  the  cniw  of 
Man  at  the  end  of  the  fifth  week  as  iin  enlargement  at  tJie  beginning 
of  the  fundament  of  the  trachea.  It  acquirer  its  cartilages  in  the 
wghth  or  ninth  week.  Of  these  the  thyroid  cartilage  ariseu,  accortling 
to  tliecomiiiirative-anatomiciil  iiiventig!itions  of  Duitui.'),  f com  iv  fusion 

■J  I 
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of  the  fmirth  anil  fifth  visceral  archea,  whereas  the  cricoid  and  taj- 
tenoid  cHTtilageH,  aa  well  as  the  half-rings  of  the  trachea,  are 
independeot  {'bondi-iJication-t  in  tbe  mucous  membrane. 

Two  Htages  are  recognisable  in  the  metamorphotda  of  the  primitive 
Uing-HHC»  of  Man  and  Mammals. 

The  Jirat  ataye  heginii  with  the  elongation  of  the  sac,  which  is 
attenuate*!  at  itA  origin  from  the  trachea,  bnt  l-<  enlarged  at  its 
oppotdte  or  free  end.  At  the  same  time — in  Man  from  the  end  of 
the  first  month  (His) — it  pushea  out,  in  the  manner  of  an  nlveolar 
gland,  hollow  evaginations,  which  grow  out  into  the  thick  connective- 
tisBue  envelope  and  enlai^e  at  their  ends  into  little  sacs.  The  first 
bud-like  outgrowths  on  the  Iuhi  aida  of  Uie  btnly  are  not  tymmetrieai 
(fig.  182),  btcaiieetfie  left  bivg-tac  products  two,  the  right  three  bud4ike 
enlargemenlt.  An  im- 
portant feature  of  tbe 
architecture  of  the  lungs 
is  thus  eatabliahed  from 
the  beginning,  namely, 
the  differentiation  of  the 
right  long  into  three 
chief  lobee,  and  of  the 
left  into  two. 

The  further  budding 
ifl  distinctly  dicbotomous 
(fig.  183).    Ittakesplace 
iiiii«nnii  luwerigiwiof  the  left  lunft.  in   the  following  way; 

each  terminal  Teeicle 
(piimitive  lung-vesicle),  which  is  at  first  spheroidal,  becomes  fiattened 
and  indented  on  the  wall  {/b)  which  lies  opponite  its  attachment. 
Tims  it  IxKwmes  divided,  as  it  wore,  into  two  new  pulmonarj-  vesicles, 
each  of  which  Lh  then  iliircrentinted  into  a  long  stalk  (lateral  bronchus) 
:ind  a  Miihoiieiil  eidargonient.  Iiia'^miich  ai  such  a  process  of  budding 
in  kept  iip  for  ii  long  time, — in  Man  until  the  Mixth  month, — there  ansex 
II  complicated  sjstom  of  canals,  tbe  bronchial  tree,  which  opens  into 
tlie  tnirliea  by  means  of  a  single  main  bronchiiil  tulw  from  either 
side  of  tbe  body,  and  the  ultimate  branches  of  which,  becoming  finer 
and  finer,  tormiiiate  in  fioMk-ahaped  enlarge monti*,  the  primitive 
hmg-vesicles.  The  latter  are  at  first  confined  to  the  surface  of  the 
lung,  while  the  systt^m  of  canals  occupies  ita  interior. 

During   this   budding    the   lungs  as    they   increase    in    volume 
continue  to  prow  dowiiwanls  into  tho  thoracic  cavitiea,  and  thereby 


I  c|dtbitlU1  taiuluwiit  of  Ihn  lung  gnm ; 
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come  to  lie  mure  anii  more  at  tlie  riglit  Rud  left  of  the  heait.  With 
their  ingrowth  intu  the  cavities  of  the  chenfc  (lig.  314  firA),  they  piiab 
before  theoi  the  serous  lining  of  the  latter,  and  thus  acquire  their 
pleural  roiering  (the  plnum  pulmonalix,  or  the  visceral  layer  of  the 
pleura). 

During  the  teeond  Oage  the  organ,  wliiuh  up  to  thin  time  has  the 
typical  Htructure  of  a  botryoidal  gland,  aasumes  the  characteristic 
pulmonary  structure.  The  metamorphosis  begins  in  Man,  as 
KBllikbr  stateH,  in  the  sixth  month,  and  comes  to  a  close  in  the 
last  mouth  of  pi-egunncy.  There  now  arise  close  together  on  the 
line  terminal  tu- 
bulea  of  the  bron- 
chial tree,  on  the 
alveolar  piiKsages, 
and  on  their  ter- 
minal vehicular 
enlargements, 
very  numei-oiia 
small  e  V  a  g  i  n  a- 
tions.  But  in  dis- 
tinction from  the 
earlier  onea,  these 
are  not  mnstrictoil 
off  from  their 
source  of  origin, 
but  communicate 
with  the  lattor 
by  means  of  wide 

orifices,  and  thus  ~" 

constitute  the  air-cells  or  pulmonari/  alveoli.  Their  size  is  only  a 
third  or  fourth  as  great  in  the  embryo  as  in  the  adult ;  from  this 
KbLLiKER  concludes  that  the  increase  in  the  volume  of  the  lung 
from  Inrth  up  to  complete  develupment  of  the  body  is  to  be  attributed 
exclusively  to  the  enlargement  of  the  vesicular  elements  which  exist 
in  the  embi-yn. 

The  epithelial  lining  ot  the  lung  is  variously  modified  in  different 
r^ons  during  development.  In  the  whole  bronchial  tree  the  . 
epithelial  cells  increa.«e  in  height,  actjuire  i^  part  a  cyhndrical,  in 
part  a  cubical  form,  and  from  the  fourth  mouth  onward  (Kolliker) 
have  their  free  surfaces  covered  with  cilia.  In  tlie  air-sacs,  on  the 
contrary,  the  celb,  which  arc  arranged  in  u  single  layer,  become 
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more  and  more  flattonod,  nn<l  in  the  adult  Income  so  thin  that 
formerly  the  presence  of  an  epithelial  covering  w:is  wholly  denied. 
Then  they  assume  a  condition  similar  to  that  of  endothelial  cells ; 
ns  in  the  case  of  the  latter,  their  boundaries  aiv  demonstrable  onlv 
after  ti*eatmcnt  with  a  weak  solution  of  silver  nitrate. 


C,  The  Glands  of  the  SmaU  InUsthhe :  Liver  and  Pancreas. 

(1)  The  Liver, 

In  the  section  which  treats  of  the  liver  we  must  enter  upon  a  dis- 
cussion not  only  of  the  development  of  the  parenchyma  of  the  gland, 

but  also  of  the  various  hepatic  ligaments — the 
lesser  omentum,  the  ligamentum  suspensoriiun, 
etc. ;  in  fact,  we  must  begin  with  the  latter 
l>ecause  they  are  developed  out  of  a  structure — 
a  ventral  meeentery — which  is  ontogenetically 
older  than  the  liver  itself.  In  view  of  the 
manner  in  wliich  the  body-cavity  arises,  as  a 
pair  of  cavities,  such  a  structure  ought  to  be 
found  along  the  whole  length  of  the  ventral 
side  of  the  alimentary  canal  in  the  same  manner 
as  on  its  dorsal  side.  Instead  of  that,  it  is  found 
only  at  the  anterior  region  of  the  alimentary 
canal,  along  a  tract  which  extends  from  the 
tliroat  to  the  end  of  the  duodenum. 

Tliis  ventral  mesentery  acquires  a  special 
significance,  because  several  important  organs 
take  their  origin  in  it ;  in  front,  the  heart, 
together  with  the  vessels  that  bring  the  blood 
back  to  it — the  terminal  parts  of  the  venie 
omphalomesentericte  and  of  the  vena  umbili- 
calis ;  immediately  behind  the  latter,  the  liver  with  its  outlet  and 
its  blood-vessels. 

The  part  which,  during  an  early  stage  of  development,  encloses  the 
heart  Ls  calle<l  mesocardium  anterius  and  postering ;  we  shall  return 
to  it  later  in  considering  the  development  of  that  organ.  The 
|>ortion  (fig.  184)  which  joins  this  behind  [caudad]  has  been  hitherto 
la^^s  i*egarded  by  embryologists.  Since  it  stretches  from  the  lesser 
curvature  of  the  stomach  and  the  duodenum  (du)  to  the  anterior 
[ventral]  wall  of  the  trunk,  it  may  be  especially  designated  as  the 
ventral  gastric  and  diwdenal  mesentery,  or,  under  a   more  oompre- 


Fif .  IM.— DiAfnua  (Titw 
of  a  oitMM  MotUm)  to 
flhow  the  orifinal  ro- 
latioao  of  doodonum, 
paaereaft,  and  liver, 
and  of  the  lifamentout 
ttmctnree  belonfing  to 
them. 

HH,  Poitorior  wall  of  tlie 
trunk  ;  tlu,  duiMlenuni ; 
p,  pancreaM  ;  I,  liver  ; 
diUM,  dontal  luttientery  ; 
Ihd,  ligatueiitmn  heiia- 
to-duodenale  ;  U,  liga- 
luentuui  stu^Msiifloriuni 
hepatifl. 
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hensive  title,  as  veiUraZ  alimerUart/  mesenteri/  (Ihd  -\-  Is).  It  has 
been  described  by  Kolliker  on  sections  of  Babbit  embiyos  as  liver- 
ridije  (Leberwulst),  and  by  His  in  his  ''Anatomie  menschlicher 
Embryonen  "  as  preJiepaiicua  (Vorleber) ;  it  has  the  form  of  a  mass 
of  tissue  rich  in  cells,  which  inserts  itself  between  the  wall  of  the 
belly  and  the  regions  of  the  intestine  previously  mentioned.  In 
cross  sections  through  human  and  mammalian  embryos  there  are 
encountered  in  it  the  capacious  vense  omphalomesentericse.  As  far 
as  a  mesooardium  and  a  mesogastrium  anterius  are  developed  in 
Vertebrates,  the  body-cavity  appears  even  subsequervtly  (u  a  paired 
structure. 

The  cross  section  through  a  Selachian  embryo  (fig.  185)  show>4  this 
distinctly.  The  duodenum  {du)  is  enclosed  in  the  connective-tissue 
mesentery,  which  reaches  from  the  aorta  (ao)  to  the  front  [ventral] 
wall  of  ^he  trunk  ;  dorsally  the  pancreas  (pari)  is  budded  forth  from 
its  wall,  ventrally  the  liver  (hp,d). 

The  liver  begins  to  be  developed  very  early  in  the  ventral  me- 
sentery (liver-ridge  or  prehepaticus),  and  in  this  exhibits,  as  wdll 
appear  later,  two  modifications,  which  are,  however,  unessential ;  for 
sometimes  it  appears  in  the  form  of  a  single,  sometimes  as  a  paired 
evagination  of  the  epithelial  lining  of  the  ventral  wall  of  the  duo- 
denum. 

The  first  is  the  case,  for  example,  in  the  Amphibia  and  Selachii 
In  Bombinator  (fig.  159),  as  Goette  has  shown,  the  liver  arises  as  a 
broad  ventrally  directed  evagination  of  the  intestine,  which  lies  im- 
mediately in  front  of  the  accumulation  of  yolk-material.  The  liver 
^remains  permanently  in  this  simplest  form  in  the  case  of  Amphioxus 
lanceolatus,  in  which  it  is  located  immediately  behind  the  gill -region 
OS  an  appendage  of  the  intestinal  canal. 

In  the  case  of  Birrls  and  Mammals,  on  the  contrary,  the  funda- 
ment of  the  liver  is  from  the  beginning  double.  As  has  l)een  known 
since  the  investigations  of  Remak,  in  the  case  of  the  Chick  (fig.  186) 
on  the  third  day  of  incubation,  two  sacs  (J)  grow  out  of  the  ventnil 
wall  of  the  duodenum  immediately  behind  the  spindle-shaped 
stomach  {St),  They  j^row  into  the  broad  cell-mass  of  the  ventral 
niesogastriiiin  (the  li<'])erwulst).  one  paasing  forward  to  the  left,  the 
other  ba<'kward  to  the  ri^lit,  and  thereby  embrace  from  above  the 
vena  omphaloniosent^rica  on  its  way  to  the  heart.  The  process  in 
Mammals  Ls  souiewliat  diffeixMit.  Aecoi-ding  to  the  observations  of 
Kolliker  in  the  case  of  the  Rabbit,  the  primitive  hepatic  tube  of 
the  left  side  is  formed  in  the  embryo  of  ten  days,  to  which  a  right 
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(Jurt  is  iiflJed  in  the  coiiifie  of  jiuoHier  il.iy.  AImi  id  the  case  of 
huiuan  emltryou  4  miu.  long  His  iluiiiuuj>bi-uteil  thitt  ut  linit  tbere  U 
only  a  single  hepatic  duct,  ami  that  sonie  time  afterwiu'ds  a  second 
appears  (lig.  163  Lhg). 

In  the  further  course  of  development  both  the  unpaireil  and  the 
paired  hepatic  fiindumenta  ure  metamorphosed  (]iiit«  rapidly  into 
a  tubular  gland  with  numerous  branches ;  this  acquires  «  special 
character,  itifferiiig  from  that  of  simple  tubular  glands,  owing  to 
the  fact  thiit  the  tubes  eiirly  become  joined  togeUier  t^i  form  a  (inn 
network,  since  the  primitive  hepatic  tubes  ! 
lateral  buds,  which  in  some  Vertehi-iites 
(Amphibia,  Selachii)  ai'e  from  the  be- 
ginning hollow,  in  others  (Birds,  Mam- 
malit,  Man)  Holid.  Imbedded  in  the 
embryonic  connective  Miibstiince  of  the 
ventral  mesogastrtum,  they  grow  out  in 
the  former  case  into  hollow  tubes,  in 
the  latter  into  solid  cylindern.  These 
in  turn  are  soon  covereil  with  corre- 
sponding liiteral  proce»ert,  and  so  on. 
Inasmuch  as  these  gi'ow  towartl  ony 
another,jindwhere  they  meet  (fig,  187  fc) 
fuse,  there  arises  a  cloue  network  of 
hollow  glandular  canak  or  solid  hepatic 
cylinders  iu  the  common  connective- 
tisBUe   matrix. 

Simultaneously  with  the  epitlielial 
network  there  is  formed  in  ite  meshes 
a  network  of  blood-vessels  (y).  From 
the  vena  omphalomesentericu,  which, 
BJi  previously  atated,  is  embraced  by  the  I 

grow  out  numerous  shoots,  and  these  by  forming  lateral  branches 
unitci  with  one  another  iu  a  manner  corresponding  to  that  of  the 
hepatic  cylinders. 

The  liver  of  the  Ohick  is  found  to  be  in  thiu  condition  on  the  sixth 
day.  It  has  become  evi-n  now  a  rather  voluminous  organ,  and  is 
composed,  as  in  the  case  of  Maninials  and  Miin,  of  two  ecjunlly 
large  lobuK,  each  of  which  hn.-^  arisen  fr'nm  one  of  the  two  priuiit.ive 
hepatic  ducts  by  buiKling.  The  two  lobes  produce  on  the  ventral 
meoentery  two  ridges,  one  of  which  projects  into  the  left  body-cavity 
and  one  into  the  right  (fig.  184). 


I 


.wo  hepatic  tubes,  there 


A  fiiither  increiiMe  !n  the  tdie  of  thi>  liver  is  due  to  the  fnct  tint  ' 

from   the    Lopitlic  cylinders   iiiiiU-d    into  tt   network    uew    lateral 
branchot;  grow  forth  nnd  undergo  nnaetomosiH,  whereby  new  mmhtt*    ' 
are  being  continually  fonuei]. 

Herewith  the  eissential  piu'ttt  of  the  liver  are  present  in  thu  fiiu- 
iliiment:  (1)  the  muretory  Uver-ct-Us  and  the  bile  ducts,  (2)  the 
[leiitoiiea]  covering  aikd  the  Hiuipunitoi'y  npparati^s,  both  of  which  are 


of  Uh  Utb  of  >  Ohiek  « th 

[Bitic  i^lindor  cut  oraw»l»  : 


derived  from  the  ventral  menentcry.     Ttio  changes  in  tbetie  porta  I 
which  lead  to  the  permanent  condition  are  now  to  be  contddered. 

The  epilhetiuni  of  the  duds  and  tlie  serretary  liver-paivnchymik  I 
are  deriveil  from  the  two  hepatic  tulMw  and  from  the  network  of  I 
hejiatic  cylinders, — products  of  the  ciitobhist. 

The  parts  of  the  two  primitive  liver-tubes  (ii-st  formed  Iwcnme  t! 
right  and  left  ductuu  hejMitici.     In  Hinla  and  MHinm]ilK  these  open  I 
at  lir^t,  im  no  hiivf.  Kn>n,  into  the  diimleuiim  cIumi  togi'ther ;  then  at  I 
thfir  pUiw  cjf  I'litrulH-e  then'  i»  furmud  n  small   ovii^'inatiou  of  tlte^ 
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[Inoiieniim,  which  receives  the  two  ductus  hepatici.  Th?  evagination 
gradually  increases  to  a.  long  Mingle  caniil,  the  bile-duct  or  ductUK 
choleJochus,  the  I'esult  of  which  pivwess  is  that  the  whole  liver  is 
further  removed  from  its  source  of  origin. 

By  an  evftginiition  either  of  the  ductus  choledochua  or  of  one  of 
the  two  ductUH  hepntii-i,  the  tjaU-hkuUler  witli  itji  ductua  cyKticufl  is 
estitbliithed.  In  Mnn  it  arises  fi-om  tlic  ductuB  choledochus,  and  is 
prt«eDl  iiK  early  as  the  second  mouth. 

The  network  of  hi'patic  cylinders,  which  are  Bometimes  hollow, 
(jometimee  solid,  ia  metiimnrphi>8ed  in  two  wjiys. 

One  part  becomes  the  esi-rtptoi'y  ducts  (the  ductus  biliteri).  In 
the  cases  in  which  the  hepatic  cylinders  are  aX  first  solid,  they  begin 
\o  heconie  hollow  ivnd  to  arrange  their  cells  into  a  cubical  or  cylin- 
drical epithelium  around  the  lumen.  In  this  procetm  some  of  the 
branches  of  the  network  must  degenerate.  For,  wheroits  alt  hepatic 
cylinders  at  first  communicate  wilh  one  another  by  means  of  anjis- 
tomc«es,  thin  is,  as  Kollikeb  remarks,  no  longer  the  case  in  the 
adult,  except  at  the  outlet  of  the  liver  (Loberpforte),  wliero  the 
well-known  network  of  bilo-duct«  exists. 

Tlie  remaining  part  of  the  network  furnishes  the  secretory  piu-cn- 
chynia  of  liver-cells.  The  (.■harjwt«r  of  a  netlike  tubular  gland, 
which  becomes  so  evident  during  development,  is  to  bo  i-ecognised 
even  in  the  fully  drveloped  organ  in  the  case  of  the  lower  Verte- 
hrates,  the  Amphibia  and  Reptiles.  The  tubules  of  the  gland, 
which  were  fiom  the  beginning  hollow,  xtibsequently  exhibit  an 
exceedingly  naiTow  lumen,  which  in  demonstrable  only  by  means  of 
artificial  injection,  and  which  in  cross  section  is  surrounded  by  three 
to  five  liver-tellH.  Thivugli  their  manifold  anastomoses  they  pi-oduce 
an  extraordinarily  fine  network,  the  small  meshes  of  which  are  tilled 
up  by  ft  network  of  capillary  blood-veasela,  tcgethei'  with  a  very  small 
amount  of  connei-tive  sulistance. 

In  the  higher  Vertebrates  (Birds,  Mjimmals,  Man)  the  tuhuUr 
strui-ture  of  the  gland  mibseiiuently  becomes  very  inconspicuous  and 
the  liver  actpiires  a  coniplicaU'd  structui'i",  information  concerning 
the  details  of  which  is  given  in  the  test^l)ooks  of  histology. 

Tliore  ore  (hree  things  wbiali,  from  a  developmental  pohit  o[  view,  are  not  tx> 
bo  loat  nght  ot :  tint,  the  caiilllarii.'s  of  the  bile-duct  have  arisea  b;  canaliso- 
lion  of  Ilia  primitivo  hepatic  cjlindors ;  Mccoinlly,  Ihcj  arc  bounded  by  gnlj 
two  Uver-cells,  whicli  ure  »crj  lart;o  and  flake-like  ;  thinlly,  tbej  senrl  onl 
ovaintuitionH  l«tween  and  even  inln  the  liver-cells  thenuelvev.  In  this  way  a 
groutcr  coiD|>licatioa  i».  Umu^lit  about  in  tlio  arraiiffcniuat  of  tlie  Dae  biliary 
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capillaries  and  the  hepatic  cells,  to  wLich  there  also  corresponds  a  greater 
complication  in  the  distrihution  of  the  capiUorieg  of  the  blood- vesselB.  By  . 
means  of  all  this  the  original  tubular  stroctnre  of  the  gland  beoome«  almoet 
entirelj  obliterated  in  the  fully  duvclopad  organ.  In  the  adult,  ss  is  well 
known,  the  parenchyma  of  the  liver  ie  dirided  by  means  of  coonective-tissne 
partitions  into  small  lobes  (acini  or  lobuli).  At  the  bef^nniag  of  development 
nothing  is  seen  of  the  lobulated  stnctnTe,  becaose  all  the  hepatic  oylindere 
are  united  into  a  network.  Detailed  in- 
formation concerning  the  development  of 
the  lobnles  is  wanting. 

Now  a  few  wordu  coucenung  the 
ligamentB  and  the  oonditionx  of  form 
and  size  which  the  liver  preuentx  np  to 
the  time  of  birth. 

The  ligamentotiN  apparatus,  as  wac 
remarked  in  the  beginning,  ia  preformed 
in  a  ventral  mesentery  (the  Vorleber). 
Owing  to  the  fact  that  the  two  hepatic 
Kacs  grow  out  from  the  duodenam 
into  this  ventral  mesentery,  and  by 
continual  brjinching  produce  the  right 
and  the  left  lobes  of  the  liver  (fjgK.184, 
185,  and  188),  the  ventral  mesentery 
becomeH  divided  into  three  portions ; 
firet,  a  middle  part,  which  fumishee 
the  peritoneal  covering  for  both  lobes 
of  the  liver;  secondly,  a  ligament  which 
proceeds  from  the  front  convex  surface 
of  the  liver  in  a  sagittal  direction  to  the 
iienMiium  heiAtii.  ventnil  wall  of  the  body,  extending  as 

far  ns  the  navel  and  embracing  in  its 
f  lee  miirgin  tlie  subsequently  disappearing  umbilical  vein  (ligamentimi 
suMpensoriiini  and  tei-t-a  hepatis,  figs.  184,  188  U);  and  thirdly,  a  liga- 
ment whicli  proceeds  from  the  opposite,  concave  or  portal  surface  of 
tht'  liver  to  the  duodenum  and  the  leaser  curvutui'©  of  the  stomach, 
and  which  conlnins  the  ductus  choledochus  and  the  att'erent  hepatic 
lilorxl-vetwels  (oMientinn  minus,  which  is  divided  info  the  lignmentnm 
hipalo-jtiwtricum  iind  hei«ilo-duo.U'mile).  (Fi(,'K.  184  IM&aA  188  kn.) 
The  ItMer  otiienluin  or  omentam  miniia  soon  loses  ite  original 
^'agittal  position  and  is  stret^'hed  out  intu  a  thin  menibrane  mnning 
from  right  U)  left  (fig.  166  kn) ;  this  is  due  to  the  fact  that  the 
stomach  undergoes  the  previously  desciibed  displacement,  and  moves 
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into  the  left  Imlf  of  the  peritoneal  ciivit.y,  whorfas  the  liver  grows  out 
iDto  the  right  half  more  thao  into  the  left.  Id  consequence  of  the 
fornuition  of  the  liver  and  the  lesser  omt'Dtum,  the  greater  omentum, 
pruduL'ed  by  the  tortiiou  of  the  stomach,  receiveti  un  addition,  which 
is  denignated  as  its  antechamber  (atrium  burse  onientiilis).  For  there 
(omeH  to  be  axsocinted  with  the  greater  omentum  that  part  of  the 
body-cttvity  which  lies  behind  the  li\-er  and  Ifsaer  omentum,  and  which 
in  the  adult  posse»«es,  as  is  well  known,  only  a  narrow  entrance  (the 
foramen  of  Winslow)  lying  below  the  ligamentum  hepato-duodenale. 

Concerning  the  rtcvetcjiment  of  the  coronary  ligament,  bsd  a  aubeeqaent  part 
which  treata  of  Ibe  lUaphnigni. 

Ab  far  as  regai-de  the  conditions  of  form  and  mse  which  the  liver 
prenents  up  to  the  time  of  birth,  there  are  two  points  which  are 
worthy  of  attention  :  fii-st,  the  liver  early  acquires  a  very  extra- 
ordinary size;  secondly,  ittj  two  lobes  are  developed  at  first  quite 
symmetrically.  In  the  third  month  it  nearly  fills  the  whole  body- 
cavity  ;  its  free  sharp  margin — on  whicji  a  dtep  incision  between  the 
two  lobes  is  observable — reacht-s  down  almost  to  the  inguinal  region, 
leaving  here  only  a  snuill  space  free,  in  which,  upon  opening  the  body- 
cavity,  loops  of  the  small  intestine  are  to  be  seen.  It  is  a  very  vas- 
cular organ,  for  a  great  part  of  the  blood  returning  from  the  placenta 
to  the  heart  passes  through  it.  At  this  time  the  secretion  of  bUe 
begins,  although  only  to  a  slight  extent.  This  increasee  in  the  second 
half  of  pregnancy.  In  conaeijuence  of  this  the  intestine  gradually 
becotaee  filled  with  a  brownish -black  mass,  the  meconium.  Tbiij  is 
a  mixture  of  bile  with  mucus  and  detached  epithelial  cells  of  the 
inteetine,  to  which  is  added  amniotic  water  with  flakes  of  epidermis 
and  hairs  that  have  been  swallowed.  After  birth  the  meconium  is 
nccumulated  in  the  large  intestine,  from  which  it  is  soon  afterwards 
eliminated, 

In  the  second  half  of  pregnancy  the  growth  of  the  two  lobea  of 
the  liver  becomes  une<]ual,  and  the  left  Ls  surpa)«ed  more  and  more  iu 
size  by  the  right.  Before  birth  the  lowei'  margin  of  the  liver  [iroject« 
downwaH  for  some  distance  beyond  the  cotital  cui'tilagts,  almost  to 
the  umbilicus.  After  hirth  it  diminishes  rapidly  in  eJBe  and  weight, 
in  eoiiBoquence  of  the  change  in  the  eii-culation  produced  by  the  pi'o- 
cess  of  respimtiuu.  For  tlie  streiim  of  blood  which  during  embryonic 
life  has  branched  oil'  from  the  umhilicul  vein  ints  the  liver  now  censes. 
During  the  growth  of  the  body  the  liver  also  increases  in  size  still 
further,  but  less  than  the  body  taken  as  a  whole,  so  that  it«  relative 
weight  in  constantly  undergoing  induction. 
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(2)  Tfi^  Pancreas, 

The  pancreas  is  developed  in  all  Vertebrates — with  the  exception 
of  a  few  in  which  it  is  wanting  (Bony  Fishes) — as  an  evagination  on 
the  dorsal  side  of  the  duodenum,  usually  opposite  to  the  origin  of  the 
liver  (6gs.  162,  163,  186  p).  In  the  Chick  (fig.  186)  the  first  funda- 
ment is  distinguishable  as  early  tis  the  fourth  day  ;  in  Man  it  appears 
somewhat  later  than  the  pnmitive  hepatic  tube,  and  has  been  de- 
monstrated by  His  in  embryos  8  mm.  long  as  a  small  evagination 
(figs.  162  and  163).  The  sac,  usually  hollow,  grows  into  the  dorsal 
mesentery  (figs.  184,  188 />)  by  giving  off  hollow,  branching,  lateral 
outgrowths. 

In  the  case  of  Man  the  pancreas  is  present  as  early  as  the  sixth 
week  in  the  form  of  an  elongated  gland  (fig.  164  />),  the  free  end  of 
which  liJis  penetrated  upward  [cephalad]  into  the  mesogastrium, 
and  thus,  midway  between  the  gi-eiiter  curvature  of  the  stomach  and 
the  vertebral  column,  it  can  move  freely.  It  is  therefore  com- 
pelled to  share  in  the  altei*ation  of  position  which  the  stomach  to- 
gether with  its  mesentery  undergoes.  In  embryos  of  the  sixth  week 
its  long  axis  still  con^esponds  approximately  with  the  longitudinal 
axis  of  the  body.  The  free  end  then  moves  into  the  left  half  of 
the  body-cavity,  the  whole  organ  being  turned  (fig.  166)  until  finally 
its  long  axis  comes  to  lie  in  the  transvei-se  axis  of  the  body,  as  in  the 
adult.  In  this  position  its  hetid  is  imbedded  in  the  hoi*se8hoe-shaped 
curvature  of  the  duodenum,  whereas  its  tail  reaches  to  the  spleen  and 
left  kidney. 

Inasmuch  as  the  pancreas  in  its  development  has  grown  into  the 
mt»8ogjistrium  (figs.  164,  166,  188),  it  possesses  in  the  first  half 
of  embryonic  life,  as  Toldt  has  shown,  a  mesentery,  on  which  it 
accomplishes  the  turning  previously  described.  But  at  the  fifth 
month  this  disappears.  (Compare  the  diagrams  fig.  167  ^  and  Bp,) 
For  as  soon  as  the  gland  has  taken  its  transverse  position,  it  at- 
taches itself  firmly  to  the  posterior  wall  of  the  trunk  and  soon  loses  its 
freedom  of  motion,  Ijecause  its  peritoneal  covering  and  its  mesentery 
become  fused  with  the  adjjicent  parts  of  the  peritoneum  {i^g.  167 
B  (jn^y  In  this  maimer  the  pancreas  of  Man,  which  was  developed, 
like  the  liver,  as  an  intraperitoneal  organ,  has  become  a  so-called 
extraperitoneal  organ,  owing  to  a  [)rocess  of  fusion  lietween  the 
serous  surfaces  that  come  in  contact  with  each  other.  By  means  of 
this  also  the  attiichment  of  the  mesogiistrium  is  displaced  from  the 
vertebral  column  farther  to  the  left. 
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It  Ktill  ivmains  to  bo  mentionrd,  in  i-egni'd  to  thf  nutlet  of  the 
pftTicrenK,  tbat  dimiig  ilt'veloptupnt  it  is  continually  moving  nearer 
to  the  diicliiH  rholcdocLiis,  niiil  IhnI  finnlly  it  opens  in  crniinioii  with 
tha  liittiT  iiiUi  thi'  dntKli'niiui  iit  ihf  diveiticnliun  of  Vatkr. 


SUUMART. 

A.  Orifieea  of  Ihe  Alimentary  Canal. 

1.  Thi;  original  orifice  of  the  alimentary  caual  (reaulting  fi'om  the 
invagination  of  thu  inner  germ-layer),  the  primitive  mouth  (hlaHto- 
pore),  beoomeH  closed  later,  owing  to  the  circiimcreHcence  of  the 
uieduDary  ridges,  and  fiimieheti  temporarily  tin  open  commiinicH' 
tion  with  the  neural  tube,  the  tanalis  neurontericiia. 

2.  Tlie  iiciiifnterio  canal  likewine  dtttappeam  tiubswjHenlly  by  the 
fttsion  uf  itfl  wall-s. 

3.  The  alimontar)'  tube  acqiiireR  new  openings  to  the  outside 
(visceral  clefts,  mouth,  anus)  bv  the  fusion  of  its  walla  with  the 
body-wall  at  c(  rtain  pliiccs,  nnd  by  the  ii'gioiut  of  fufiion  thru 
becoming  thinner  and  rupturing, 

4.  The  visctiriil  clefl*  arise  on  hotli  nideK  of  the  future  neck-region 
of  the  body,  iisually  fiv'o  or  six  pairs  in  the  lower  Veii^brateB,  four 
pkirs  in  Birds,  Mamarils,  iind  Man.  (Formation  of  outer  anil  inner 
throat-furrows ;  breaking  thi-ough  of  the  ulwing  plate.) 

6.  In  watcr-i 111 m biting  Vertebrates  the  viswral  clrflj<  aurve  for 
bmnclu'ol  respiration  (development  of  branchial  lamellm  by  the  for 
mation  of  folds  of  thi'  muroiis  niBinbrane) ;  in  Rej)tilBs,  Birds,  and 
Mntnmabi  tliey  bt  come  cIom  d  and  (liRap[)ear,  with  the  exception  uf 
the  upper  pirt  of  the  lirst  fisHui«,  which  is  employeil  in  the  develop- 
ment of  the  organ  of  hearing  (external  ear,  tympannm,  Eii.stAchian 
tnbe). 

6.  The  mouth  i*  develop  d  at  the  head-end  of  the  embryo  by  an 
nnpaireil  inva^iniition  of  the  epidurmix,  which,  ns  oral  siinis.  grows 
toward  the  blindly  ending  fore  gtit,  and  by  the  breaking  through  of 
the  primitive  pharyngeal  nit-mbrane.     (Pi-imitive  palatal  velum.) 

7.  The  anufi  arises,  in  a  manner  similar  to  that  of  the  mouth,  on 
the  ventral  side  at  some  distance  in  front  of  the  pooterior  end  of  the 
body,  so  that  the  intestinal  tube  is  (»Dtiniied  for  a  certain  distftnce 
beyond  the  anns  towai'd  thi'  tail. 

8.  The  poHt  nnul  or  caudal  intestine,  which  at  fii'wt  stretches  from 
Uie  anus  to  till'  jiosterior  end  of  the  body  (tail-part  of  the  body), 
becomes  rudimentary  aflerwiinls  anil  wholly  dis'iippearw,  so  that  the 
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anus  then  marks  the  termination,  as  the  mouth  docs  the  beginning, 
of  the  alimentary  canal. 

B.  Separation  of  the  Alimentary/  Tithe  and  its  MeserUery  into 

Distinct  Regions, 

1.  The  alimentary  canal  is  originally  a  tube  running  straight  from 
mouth  to  anus,  near  the  middle  of  which  the  yolk-sac  (umbilical 
vesicle)  Ls  attached  by  means  of  the  vitelline  duct  (stalk  of  the 
intestine). 

2.  The  alimentarj^  tube  is  attached  throughout  its  whole  length  to 
the  vertebral  column  by  means  of  a  narrow  dorsal  mesentery ;  it  is 
also  connected  with  the  anterior  wall  of  the  trunk,  as  far  back  as  the 
umbilicus,  by  means  of  a  ventral  mesentery  (mesocardium  anterius 
and  postering,  anteiior  [ventral]  gjistric  and  duodenal  mesentery). 
(Vorleber.) 

3.  At  some  distance  behind  the  visceral  clefts,  the  stomach  arises 
as  a  spindle-shaped  enlargement  of  the  alimentary  tube  ;  its  dorsal 
mesentery  is  designated  as  mesogastrium. 

4.  The  portion  which  follows  the  stomach  grows  more  rapidly  in 
length  than  the  trunk,  and  therefore  forms  in  the  body-cavity  a 
loop  with  an  upper  [anterior],  descending  narrower  arm,  which  be- 
comes the  small  intestine,  and  a  lower  [posterior],  ascending  more 
capacious  arm,  which  produces  the  large  intestine. 

5.  The  stomach  takes  on  the  form  of  a  sac,  and  becomes  so  turned 
that  its  long  axis  coincides  with  the  ti-ansverse  axis  of  the  body,  and 
that  the  line  of  attachment  of  the  mesogastrium,  or  its  greater 
curvature,  which  was  at  first  dorsal,  comes  to  lie  below,  or  caudad. 

6.  The  intestinal  loop  undergoes  such  a  twisting  that  its  lower, 
ascending  arm  (large  intestine)  is  laid  over  [ventral  to]  the  upper, 
d(\scon(ling  arm  (small  intestine)  from  right  to  left,  and  crosses 
it  near  its  origin  from  the  stomach. 

7.  The  twisting  of  the  intestinal  loop  explains  why  in  the 
adult  the  duodenum,  as  it  merges  into  the  jejunum,  passes  under 
the  transverse  colon  and  through  its  mesocolon.  (Crossing  and 
crossed  parts  of  the  intestine.) 

8.  The  lower  arm  of  the  loop,  during  and  after  its  twisting  and 
crossing  of  the  upper  arm,  assumes  the  form  of  a  horseshoe  and 
permits  one  to  distinguish  the  c(Bcum,  the  colon  ascendens,  c.  trans- 
versum,  and  c.  descendens. 

9.  Within  the  space  bounded  })y  the  horseshoe,  the  upper  arm 
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of  the  loop  becomes  folded  tu  form  the  convolutions  of  the  BmiiU 
intestine. 

10.  The  inesentory,  wliicli  is  at  fii^  uniform  and  common  to  the 
whole  alimentary  tube,  beiiomea  differentiated  into  separate  regions, 
For  it  adiiptb  itself  to  the  folds  and  to  the  elongations  of  the  ali- 
nieiitaiy  tube.  It  in  elongated  and  here  und  there  undergoeH  fusion 
with  the  peritoneum  of  the  body-tavity,  by  meana  of  which  it  either 
ftoquires  new  points  of  attachment  or  in  cei'tain  tracts  wholly 
disappears ;  some  portions  of  the  intestine  ai'o  ihns  deprived  of  their 
metienUry. 

11.  The  mesentery  of  the  diioJeDum,  and  in  part  also  timt  of  the 
colon  ascendens  and  c.  descendens,  fuses  with  the  wall  of  the  body 
(extrapeiitoneal  parts  of  the  int«t<tine). 

1 2.  The  mesentery  of  the  colon  tranaversum  acqiureB  a  new  line  of 
attachment  running  from  right  to  left,  and  becomes  differentiated 
from  the  common  mesentery  as  mesocolon. 

13.  The  mesogastriutD  of  the  stomach  follows  the  torsions  of  the 
latter  and  is  converted  into  the  greatei'  omentum,  which  grows  out 
from  the  greiittr  curvature  of  the  wtomach  to  cover  over  all  the 
viacera  lying  below. 

14.  Fusions  of  the  walls  of  the  omentum  with  adjacent  serous 
memhranot  take  place:  (1)  on  the  posterior  wall  of  the  body,  in 
consequence  of  which  the  line  of  origin  from  the  veitebi-al  column  is 
displaced  to  the  left  side  of  the  body;  (2)  with  the  mesocolon  and 
colon  transvereuffl ;  (3)  on  the  port  of  the  sac  which  has  overgrown 
the  intestines,  where  its  anterior  and  posterior  walls  come  into  close 
contact  and  fuse  into  an  omental  plute. 
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C    Developriieiit    of   Siiecial    Oryans  out    of  ike    H'liltg   of  the 
Alimentary   Tube. 

1.  The  Kurf.ice  of  the  alimentary  tube  increases  in  extent  inwaiil 
by  means  of  folds  and  villi,  and  by  glandular  cvaginntiotui  oiitwaixl. 

2.  There  are  developed,  as  organs  of  the  oral  cavity,  the  tongue, 
the  salivary  glands,  and  the  teeth. 

3.  The  teeth,  which  in  tho  higher  Vertebrates  are  found  only  at 
t)ie  entrance  of  the  mooth,  are  distributed  in  the  lower  Vertebrates 
(getochiauB,  etc.)  over  the  whole  of  the  cavity  of  tie  mouth  and 
throat,  and  indeed  as  dermal  te«th  over  the  whole  surface  of  the 
body. 

4.  The  dei-mal  teeth  are  dermal  pnpillis  ossified  in   a    peculiar 
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manner,  in  the  development  of  which  !)oth  the  superficial  layer  of 
t\u'  cnrium  anil  also  the  dc^ju^st  cell-layer  of  the  epidermis  investing 
the  latter  are  concerned. 

(tt)  The  corium  [dermis]  produces  the  abundantly  cellular  dental 

papilla,  which  secretes  the  dentine  at  its  surface,  where 

a  layer  of  odontoblasts  is  formed. 

(b)  The  epidermis  furnishes  a  layer  of  tall  cylindrical  cells,  the 

enamel -membrane,  which  covei-s  the  dentine-cap  with  a 
thin  layer  of  enamel. 

(c)  The  l)ase  of  the  dentine-cap  aajuires  a  better  attachment 

in  the  dermis  from  the  fact  that  the  latter  becomes  ossi- 
fied in  its  \icinity  and  furnishes  the  cementum. 

5.  At  the  margins  of  the  jaws  the  tooth-forming  tract  of  the 
mucous  membi-ano  sinks  down  into  the  imderlying  tissue ;  there  is 
first  develope<l  by  a  proliferation  on  the  part  of  the  epithelium  a 
dental  ridge,  on  which  the  teeth  of  the  jaws  arise  in  the  same  way 
that  the  dermal  teeth  do  on  the  surface  of  the  body. 

6.  The  development  of  a  tooth  takes  place  on  the  ridge  in  the 
following  way  :  the?  epithelium  grows  more  rapidly  at  one  point,  and 
a  papilla  of  the  connective-tissue  {tart  of  the  mucous  membrane 
grows  into  this  proliferated  part  or  enamel -organ.  The  dental 
papilla  forms  the  dentine,  but  the  onamel-organ,  developing  an 
enamel-nieml)i*ane,  stK*retes  the  enamel ;  finally,  the  connective-tissue 
dental  sjic  Ixwomes  ossified  and  furnishes  the  cementum. 

7.  Bern  at li  the  milk-teeth  there  ai-o  early  formed  in  Mammals 
and  Man,  at  the  d**ep  edge  of  the  dental  lidge,  the  fundaments  of 
supplementiiry  teeth. 

8.  From  the  throat-r<*gion  of  the  iiitestino  thei^e  are  develojied 
thymus,  thyroid  gland,  accessory  thyroid  gland,  and  lungs. 

9.  Tlio  thymus  arises  by  the  thickening  and  peculiar  metamorphosis 
of  th«'  (epithelium  of  s(»veral  pairs  (Selachii,  Teleostei,^  Amphibia, 
Rej>tilia),  or  of  only  one  pair,  of  visci^ral  clefts. 

(a)  In  Stdachians  and  Teleosts  there  is  a  proliferation  of 
('pithelium  at  the  dorsal  ends  of  all  the  vist*eral  clefts, 
which  are  i)enetrated  by  growiihs  of  connective  tissue  and 
blood-vessels. 

(h)  In  Mammals  and  Man  there  is  formed  from  the  third 
pair  of  visceral  clefts  a  pair  of  epithelial  th^inus-sacs, 
which  send  out  lateral  buds  and  become  peculiarly 
alten'd  histologically. 

(c)  In  Man  the    two   thymus-sat^  aro  joined   in   the   median 
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plane  to  an  unpaired  bucly,  wbirh  begins  to  degenei'ate 

ill  the  first  years  after  biitb. 

10.  Tbe  thyroid  gland  is  an  unpaired  orgsn,  which  arises  in  the 
region  of  the  body  of  the  hyoid  bone  from  either  a  hollow  or  a  solid 
outgrowth  of  the  epithelium  in  the  floor  of  the  pharyngeal  ca,vity, 

(n)  The  epitbeliiil  rod  detachtM  itself  from  its  pareubil  tissue 
and  forms  lateral  rods. 

(6)  At  a  later  stage  these  epithelial  cords  become  separated 
into  Email  epithelial  spheres,  which  secrete  in  their 
int«riors  colloid  Hubiitance  and  are  converted  into 
wholly  closed  glandular  sacs  enveloped  in  highly  vascular 
capHules  of  connective  tissue. 

11.  The  accessory  thyroid  glands  are  paired  and  arise  fi-om  evagi- 
nations  of  the  epithelium  of  the  la«t  paii'  of  viscei-al  cleft*,  which 
undergo  metjimorphoses  similar  to  those  of  the  unpaired   thjTxrid 

12.  The  accessory  thyi'oid  glands  in  mos-t  Vertebrates  remain 
separated  from  the  unpaired  thyroid  gland  by  a  gri^ter  (Reptiles) 
or  lees  (Birds)  Npiice,  whereas  in  Mammals  they  appear  to  fuse  with 
it  to  form  a  tiligU  body. 

13.  The  lung  i»  developed  out  of  the  floor  of  the  alimentary  ainae 
ill  the  thi'oat- region,  behind  the  fundament  of  the  unpnii-ed  thyroid 
gland. 

(o)  A  groove-like  evayination,  which  is  constricted  off  from  the 
alimentary  canal  as  far  forwanl  as  its  anterior  end,— 
the  entrance  to  the  larynx, — becomes  larynx  and  wind- 
pipe. 

(6)  Fi-om  the  posterior  end  of  the  groove  there  grow  out  two 
Macs,  which  acquire  at  their  ends  vehicular  enlargements 
and  constitute  the  fundaments  of  the  right  and  left 
bronchtis,  together  with  the  corresponding  lung. 

(c)  The  want  of  symmetry  between  the  right  and  left  lung 
is  early  exhibited,  since  the  right  sac  prc)vides  itself 
with  three  vesicular  lateral  buds,  the  fundaments  of  the 
three  lobes,  whereas  the  left  sac  forms  only  two  buds. 

((/)  The  further  dcv-elopment  of  the  lungR  allows  one  to  dis- 
tinguish two  stages,  of  which  the  fii'st  exhibits  a  great 
similarity  to  the  development  of  an  acinous  gland.  In 
the  first  stages  the  primitive  pulmonary  sacs  increase  iu 
number  by  constrictions  and  at  the  same  time  become 
differentiated   into    a    nari'ower   conducting    pai-t,   the 
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bronchial  tubes,  and  a  broader  vesicular  terminal  part. 
In  the  second  stage  the  air-cells  or  pulmonary  alveoli 
are  formed. 

14.  From  the  intestinal  canal  proper  there  are  formed  only  two 
glands,  which  are  large  and  developed  from  the  duodenum — the 
liver  and  the  pancreas. 

15.  The  liver  is  developed  as  a  branched  tubular  gland  which 
becomes  a  network. 

(a)  There   grow  out    from   the    duodenum    into    the   ventral 

mesentery  or  prehepaticus  (Vorleber)  two  liver-tubes, 
the  fundaments  of  the  left  and  right  lobes  of  the  liver. 

(b)  The    tubes    form    hollow    or    solid    lateral    branches,    the 

hepatic  cylinders,  which  are  united  into  a  network  and 
become  in  part  bile-ducts,  in  part  the  secretory  paren- 
chyma of  the  liver  and  biliary  capillaries. 

(c)  The  ductus   choledochus   arises  as  an   evagination   of  the 

wall  of  the  duodenum  which  receives  the  two  hepatic 
tubes,  and  it  forms  at  one  place  an  evagination  which 
becomes  the  gall-bladder  and  the  cystic  duct. 

16.  From  the  ventral  mesentery,  into  which  the  hepatic  tubes 
grow,  are  derived  the  serous  investment  and  a  part  of  the  ligamentous 
apparatus  of  the  liver,  namely,  the  lesser  omentum  (ligamentum 
hepato-gastricum  and  hepato-duodenale)  and  the  ligamentum  sus- 
pensorium  hepatis. 

17.  The  pancreas  grows  from  the  duodenum  into  the  dorsal 
mesentery  and  into  the  mesogastrium. 

18.  The  mesentery  which  the  pancreas  originally  possesses  subse- 
quently disappears  by  becoming  fused  with  the  posterior  wall  of  the 
trunk ;  at  the  same  time,  in  consequence  of  the  twisting  of  the 
stomach,  the  long  axis  of  the  pancreatic  gland  comes  to  lie  in 
the  ti'a  sverse  axis  of  the  body. 
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CHAPTER  XV. 


TBB  ORGANS  OF  THE  MIDDLE  GERM-L.ti'SH. 

Voluntary  Muscuiatube,  Urinary  ano  Sexual  OitfiANS. 

The  organs  which  taki>  their  origin  from  thp  middli-  (term-layer 
stand  iji  tli<^  cloeost  genetic  relation  to  thti  morphologicAl  pi'oducta  of 
the  entobliiat.  For,  as  was  statetl  in  thi>  first  piirt  of  tliia  work,  the 
middli?  geiin-layer  is  ili-vfloped  by  a,  prooess  of  evuginalion  fi'om  the 
inner  germ-layer,  and  is  therefore,  like  the  latter,  an  epithelial  mem- 
brane, which  serves  fta  the  boimdary  of  a  cavity.  In  view  of  itn 
origin,  is  it  remarkable  that  the  organs  ariHing  from  it  ore  of  a 
glandular  nature,  and  Nuch  lui  produce  excretions  by  means  of  genuine 
epithelial  glandular  cells  t 

In  earlier  timesitliia  phenomenon^wfis  the  cause  of  a  gijoil  deal 
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of  difficulty,  b(>cmise  since  the  time  of  Kemak  there  had  been  an 
endeavor  to  bring  the  middle  germ -layer  as  a  non-epithelial  structure 
into  contrast  with  the  other  germ-layers.  Attempts  were  also  made 
to  explain  this  supposed  contradiction  by  assuming  that  the  glandular 
organs  in  question  were  derived,  sometimes  in  one  way,  sometimes  in 
another,  from  the  outer  germ-layer.  With  the  acceptance  of  the 
coelom- theory,  however,  the  theoretical  objections  to  the  production 
of  glands  by  the  middle  germ-layer  have  ceased  to  have  any 
foundation. 

Out  of  the  middle  germ-layer,  or,  otherwise  expressed,  out  of  the 
epithelial  wall  of  the  embryonic  body-sfvcs,  are  developed — aside  from 
the  mesenchyme,  concerning  the  source  of  which  an  extended  acooant 
was  given  in  the  ninth  chapter — three  very  different  products  :  first 
the  whole  voluntary  musculature,  secondly  the  urinary  and  sexual 
organs,  thirdly  the  epithelial  or  endothelial  linings  of  the  large 
serous  cavities  of  the  body. 

I.  The  Development  of  the  Volontary  Mufonlatare. 

The  total,  transversely  striped,  voluntary  musculature,  aside  from 
a  part  of  the  muscles  of  the  head,  arises  from  those  parts  of  the 
middle  germ-layer  which  have  been  differentiated  as  primitive 
segments,  and  with  their  appearance  have  effected  the  fii'st  primitive 
and  most  important  segmentation  of  the  vertebrate  body.  As  has 
been  previously  stated,  the  segmentation  affects  the  head  as  well  as 
the  trunk,  so  that  trunk-segments  and  head-segments  must  be  dis- 
tinguished. Since  the  latter  are  in  many  points  distingiushed  in 
their  origin  and  metamorphosis  from  the  former,  a  separate  descrip- 
tion of  the  two  is  fitting.  I  begin  with  the  history  of  the  metamor- 
phosis of  the  primitive  segments  of  the  trunk,  and  treat  of  the  same 
first  in  Anii>hioxns  and  the  Cyclostomes,  which  furnish  the  simplest 
and  most  easily  interpreted  conditions,  and  then  in  the  Amphibia, 
and  finally  in  the  higher  Vertebrates. 

A .  Primitive  Seyvienta  of  the  Trunk, 

In  Amphioxus  the  primitive  segments  (fig.  103  uah)  are  sacs,  which 
are  provided  with  a  large  cavity,  and  the  walls  of  which  are  composed 
of  a  single  layer  of  epithelial  cells.  The  latter  are  further  developed 
in  two  ways,  for  an  accurate  knowledge  of  which  we  are  indebted  to 
Hatschek.  Only  the  cells  (fig.  189)  which  abut  upon  the  chorda  (cA) 
and  the  neural  tube  {ii)  are  destined  to  form  muscle-fibres;  they 
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■  conaiderably  in  aire,  project  far  into  the  cavity  of  the 
primitivp  aegmmt,  and  asfiume  the  form  of  pintes  ;  thi'nti  He  pamllel 
trt  OTiP  another  niii!  to  thi-  loiifjilmliiml  iixis  if  tin-  l)Oily ;  atnl  one 
margin,  which  I  ahall  designate  as  the  base,  in  placed  perpendicularly 
upon  th(!  surface  of  the  chorda.  Very  early  (in  the  stage  with  ten 
primitive  at^ments)  the  cpll-plat«*  begin  nt  their  hascs  to  be  diffor- 
Fiktiated  into  traniiversely  striped  muscle- fibrillfe,  with  whicli  the 
I  embryoa  are  already  able  to  esi-cut*  feeble  contractions.  By  the 
I  continual  addition  of  new  fibrillte  to  those  which  are  formed  at  the 
surface  of  the  chorda,  and  by  an  extension  of  the  differentiation  to 
both  the  sui-facen  of  the  cell-plates 
which  are  in  contact  with  each  other, 
there  arise  the  tmnsversely  stripeil 
muade-layen  (Miiakel  blatter)  which 
characterivtic  of  the  musculatuie 
of  Amphioxus.  These  are  attached 
to  the  chorrla  on  the  right  and  left 
like  the  loaves  of  a  book.  The  more 
the  libriltee  increase  in  numlier,  the 
more  the  protoplasm  of  the  forma- 
tive ccIId  between  them  diminishes  in 
amount  and  the  more  is  the  nucleus 
with  a  remnant  of  prutopla-'<m  forced 
toward  that  edge  of  the  cell  which 
faces    the    cavity    of    the    primitive 


fl  tttctlaa  through  Lh« 
the  body  of  ui  Adi- 
ibrjro  widi  II  ptimitln 


The  rt^maining  cells  of  the  primitive 
legmettt  are  converted  uito  a  low  pavement-epithelium,  which  neither 
now  nor  later  takes  part  in  the  foi'mation  of  muscles,     (Cutin-lftyer 
of  Hatscmek.) 

Having  arLsen  in  the  vicinity  of  the  chorda,  the  muscle-layer  in 
older  animals  spreads  out  both  dorsally  and  ventrally,  and  thus 
furnishes  the  lot«l  voluminous  musculature  of  the  trunk,  which,  lite 
the  cellular  primitive  segments  from  which  it  is  derived,  is  separated 
into  successive  portions  (the  rayonioi-es). 

In  general  the  (Jyclostomea  (tig.  190)  agree  in  the  development  of 
their  musclee  with  Amphioxus.  Here,  as  there,  one  must  distinguish 
between  an  inner  muscle-forming  epithelial  layer  {mf),  which  bounds 
the  chorda  (Ch)  and  the  neural  tube  (jV),  and  an  outer  indifferent 
epithelial  layer  {(i«),  whinh  occupies  the  side  toward  the  epidermis. 
The  latter  (ae)  oonsist**  of  low  flat  celb,  the  former  of  very  broad  and 
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elongated  pUbes  (mk),  whidi  an  in  Amphioxuft  are  arranged  perpen- 
dicularty  Ui  the  aurfacx'  of  tlie  chorda  and  neural  t.ube.     Since  in 
Fntmniyz^n  the  primitive  segmentH  an-  destitute  of  eavitjes,  the  two 
epithelial  layers  lie  itnmediatt^ly  iu  couttuit,  and  ivi-e  continuous 
each  other,  both  dorsally  and  ventrally,  by  means  of  traneitianal  ] 
cells  (Tj?),  in  the  s&tae  way  that  in  the  fundament  of  the  lens  its  I 
epithelium  m  «»ntinuoa8  with  the  lenB-fibre«.      Mu§cle-fibrillK  (m/)  I 
are  now  differentiated  on  both  the  broad  surfacen  of  the  cellplatoe.  I 
Tbusarisemu>icle-layerg(Hu9-  I 
kelbliitter)  which  are  perpen- 
dicular to  the  chorda.     Theaa 
Iiiyers  ai'e  each  composed  of 
two  ah(«ts  of  the  finest  fibrilln, 
running  parallel   to  onit   an- 
other.     The  two   sheets   are 
separated  from  i^Ach  other  hy 
ft  delicate  film  of  cementing 
substance ;  one  oF  them  owea  ila 
t'Xist«nce  to  one  formative  cell, 
the  other  to  an  adjacent  cell. 
In  older  larva;  the  primi- 
tive segments  spread  out  both 
above    and     below  ;     accoiih 
panying  this  process  there  ia 
a  continual  formation  of  new 
muscle -layers   from   the   pre- 
viously mentioned  cells  (  WXy. 
The  upper  and  lower  margiuH 
of    the     primitive    R^ment* 
^rT,;;r;Z7'r""r?>"""J"'^"      therefore    constitiit*    a    com 
■sgnmnt-  of  proliferotwn,  by  means  of 

which  the  mmKculature  of  th« 
trnok  is  continually  growing  further  doi-sad  and  ventiiid. 

At  a  later  stage  of  development,  in  larva  six  weeks  old  {fig,  191),  I 
the  mu8cte-layers  are  converted  into  MiukelkiUfchen  (A),  as  Schnbidk*  | 
has  named  these  peculiar  definite  structural  elements  of  the  Oyclo- 1 
.stomes.  The  facing  fibrillos-aheets  of  two  adjacent  Uyers  (BUtt«r)  I 
luiite  with  each  other  along  their  margins.  Since  these  sheetB  have  I 
been  produced  on  the  two  nidea  of  one  eell-pUte,  each  formative  cell  I 
Ls  now  surrounded  on  all  sides,  as  though  with  a  mantle,  by  the  | 
librilhe  which  it  has  generated. 


T^ 


Flf.  IK),-  0»u  aMtliui  tliniu()i  Iht  tnuk-miuni- 
l&tun  a(  k  itnt.  aT  FetniBTTOB  Fluicrl  II 
dAjp*  dM-    Md^fiUUvJ  fiOO  dUiutftvn. 

^  uul  Ch,  tlic  iwrt  uT  the  cnw  Keliun  which  la 
jbUocQIlt  to  Uki  llAunU  tub*  And  Iha  DhorUft ; 
thM,  ■ktlfltogvnDua  ahvAth  at  Uh  cbm^ ',  tpt 
c\i\A£rai\K ;  rir.  oater  BpiUietJ&l  Lnjor  of  tho 
l>riniltivii  ugiiient :  r>ii,  nuclai  of  niiuKlE-nUa ; 
Kif,  miuols-llbrlUn  In  groH  wctlon  ;  Irz,  rntia 
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finally,  three  alterationa  of  the  Muakt-lkiistcben  take  plAce.  Tbe 
homugenMnLs  cementing  Hiilwtanco,  wbiuli  was  iiidicateii  tliiriiig  the 
fiiwt  fltage  hy  only  u  fine  line  betwt'oii  the  two  fi brill m-shtetit  of 
a  muBtJe- layer,  iiicrt'oscB  and  ppodiicos  the  p&rtition  by  meaiw  of 
which  the  individual  Munkelkiifltcfaen  aro  separated  from  each  other, 
and  in  which  nftermii'dH  counective-tL>isue  cells  and  blood-veoHeln  are 
also  to  be  found.  Seixtndly,  the  protoplnsmic  matrix  of  the  furmiitivo 
celb  ifi  almost  compliti'ly  oonmiui'd  in  the  continued  production  of 
niimfToiui  finefihrilla;,  which  finally  fill  the  whole  interior  of  the  Kast- 
chen.  One  can  now  dUtingviish  two  different  kinds  of  fibrillte — thoso 
that  are  cfntmlly  located,  and  those  that  are  firmly  attaclu'd  to  the 
partitionH.  Thirdly,  there  are  to  be  found  i^cattered  between  the 
fibrillie  nnniorous  small  nneU-i,  which  pro- 
bably are  descended  from  the  original 
single  nucleus  of  the  formative  cell  by 
frwjueutly  re  prated  division. 

The  development  of  the  muscle-seg- 
ment«  take»  place  in  the  remaining  Ver- 
tebrates in  a  somewhat  dift'erent  manner 
from  that  of  Ainphioxus  and  the  Cyclo- 
stometj.  For  the  study  of  thin  process 
the  tailed  Amphibia  ftirniah  the  most 
instructive  objects.  In  Triton  (figs.  106, 
106  luA)  each  of  the  primitive  segments  t-,  Xtukoikuwhen ;  nti.  onuiai 
contains  a  considerable  i-avity,  which  is  flh^hri-utm^wiie  '""*" 

bounded  on  all  sides  by  large  cylindrical 

epithelial  odls.  In  somewhat  older  embryoe  active  oell -multiplication 
takes  place  in  the  part  of  thu  epithelium  which  is  adjacent  to  the 
chorda  and  neural  tulte,  and  which,  therefore,  corresponds  to  the 
previously  described  muscle'forming  layer  of  Amphioxus  and  the 
Oyclofltomes.  By  this  gi-owth  the  cavity  of  a  primitive  segment 
becomes  entirely  lilled.  At  the  same  time  the  cells  lose  their  original 
arrangement  and  form ;  they  are  converted  into  longitudinally  ar- 
ranged cylinders,  which  correspond  in  length  to  a  primitive  segment 
and  are  located  by  the  side  of  and  above  one  another  on  both  sides  of, 
and  parallel  to,  the  spinal  oord  and  chorda  dorsalis  (fig,  192).  Bach 
cylinder,  which  in  the  beginning  exhibits  only  a  single  nucleus  (mi), 
becomes  surrounded  with  a  mantle  of  the  finest  transversely  striped 
fibrillte  {vif) ;  it  is  now  compaiable  with  a  Muskulkastchen  of  the 
Cydostomes  (fig.  191).  A  wries  of  further  alterations  aleo  takes 
place  in  this  instance  as  in  the  former.     In  older  larvie  theroare 
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continually  being  formed  more  fibrillffl  {fig.  193),  which  gradually  fill 
the  interior  iwrtion  of  tlie  cylinder.  Only  in  the  axis  of  the  latter 
are  tlieif  pIftoeH  left  free,  in  which  tlie  smalt  nuclei  (mk)  come  to  lie  ; 
the«e,  formed  by  iliviaion  of  the  Mingle  mother-nuclewB,  increase 
conaiderably  in  number.  Moreover,  connective  tiBsne  with  blocd- 
vessels  now  penetrateR  between  the  mnscle-fibres  or  the  primitive 
biindlpK  (ph),  an  the  finished  elements  are  suhnequontly  called. 

if  we  consider  from  a  general  point  of  view  the  facte  here  presented, 
— which  have  been  acquired  in  the  study  of  the  lower  Verfebrat««, — 


'v»i 


tig.  10».  Ft<.  IM. 

7%.  tn.—Omt  (Htiim  Umnfh  tfaa  iiiiuinilitan  of  tb«  brmk  af  &  Ian*  ai 

f  dijaiild.    Mngntflsi)  TiOO  ainmelfflr. 
Mi',  Niiclal  of  niuoclD-uJU ;  ruf,  niiiule-BbrilliB  cut  cronviMi ;  M,  yDlk-gnmnh 
Tif.  ieS.~-OraH  Hfitiui  thnufb  the  miw 

lOdiyitU.    Mignilliid  600duinetcn. 
pb,  Prltniti'S  bundle  of  miuDlii-flbnlliB  (UmkcliirimitivbUndsl) ;  i^.  mgKla-BbriUu  ci 


we  arrive  at  two  propoeitions  of  importance  concerning  the  origin  of 
the  miuiculature : — 

(1)  In  Vertebrate  the  dements  of  tilt  mvsculatwre  of  the  Imnk  are 
developed  out  of  epitlielieU  celle  which  are  derived  from  a  cireunucribed 
territory  of  the  epithelium  of  the  bodi/-caviti/,—a  terrilory  that  it  oon- 
stricted  offfrtna  the  latter  to  form  the  primitive  segmente. 

(2)  The  epithelial  prodvcle  become  surrounded  and  enveloped  o)i  all 
sides  by  connective  tissue,  just  as  do  the  glands  and  gland-duct*  that 
hud  forth  from  an  epithelium. 

A  compnriBoa  nith  the  condition  and  development  of  the  nosciilatiireotBome 
clnases  of  invcrtebRktea  leads  to  a  still  better  comprehensioa  ot  tbe  above 
propositions.  In  most  of  the  Ccelenteratex  the  muscular  elements  are  componenta 
of  the  epithelium,  not  only  during  their  development,  bnt  also  in  the  adali, 
animal,  eo  tliat  the  designation  epithelio'Mvteidar  cells  is  suitable  for  them. 
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The  oliarooterifltic  feature  of  tbese  coDKifti  in  tiieir  being  iimple- 
ouWcal,  someliinea  yjliiirlriual,  sometimcB  Ihrond-lilte — epithaliul  cells,  the 
outer  ends  of  which  ordiiiaril;  reach  the  tmrTace  of  the  cpitheliDm  and  ure 
here  provlrled  with  cilift,  whereas  their  basnl  ends  He  upon  the  fiiister.tat[va 
huaetlA  (KtUtzlnmollo)  of  the  body  and  are  there  diSerentinted  into  one  or 
levecsl  either  xmootb  or  trunsTorBely  striped  muscle-fibrillm.  Inaanmch  a«  the 
fibrills  of  numerous  cells  lie  parallal  and  cloee  to  one  another,  vfitpU-lamelliF 
fcriso,  by  the  activity  of  which  the  changes  in  the  form  of  the  boily  are 
prodncod.  In  Calmteratet  bath  tht  miter  and  the  itmer  grrm-layerii  can 
dftclop  vtfuelt-ceiU. 

When  one  turns  to  the  Vermes  it  ib  seen,  in  those  groups  in  whiuh  a  body- 
caritj  (an  enteroccel)  is  totmed  by  an  infolding  of  the  inner  getro-Iayer,  that 
the  [arleUl  nail  of  the  body-cavity,  or  the  parietal  lamella  at  the  middle 
germ-layer,  has  assnmed  the  prodnctlou  of  the  entire  musculstarc  of  the 
trunk.  Here  also,  far  example  In  the  ChEetognatlia,  ettr..  the  epithelial  cells 
diflerentiale  at  their  basal  ends,  which  are  directed  toward  the  surface  of 
the  body,  a  lamella  of  muscle- fibrillc,  whereas  their  other  ends  bound  the 
body-cavity.  Thtit  from  fhf  loimr  to  the  higher  animaU  the  eapabiHt}/  if 
pTodvcing  mutclrt  U,  icith  the  jiruffrririrt  diffprmtiation  of  tht  btidy,  more  and 
more  rettriclerl  to  a  limited  tpeeial  lerrtiorg  of  thf  total  ejritheiial  imvifnuiHt 
9*  the  hodj/. 

lliis  process  lias  prooeedud  furthest  in  the  Vertebrates,  for  in  them  the 
musculature  of  the  trunk  is  no  longer  furnished  by  the  whole  parietal  lamella 
of  the  middle  gorra-Uiyur,  but  by  only  a  small  detached  part  of  it,  the  primitive 
segments.  Consequently  In  Vertebrates  the  musculature  spreads  out  from  a 
small  le^on  where  it  originates,  dixtributes  itself  Grst  in  the  trunk,  and  then 
from  the  latter  grows  oat  into  the  extremities. 

tn  the  VortebratGB  we  recognised  two  different  forms  of  voluntary  muscuhitiiie, 
the  musole-layer  (and  the  Uoskelkiistohen  derivable  from  it)  anil  the  primitive 
bundle  (MusltelprimitivbUndel).  I'arallelB  to  this  are  found  in  the  Inverte- 
bi>tes,  both  in  L'lBlenterates  and  in  Worms.  In  Ccelenterates  both  forms  arc 
derived  from  the  primitive  smoothly  outspread  muscle-lamella  by  the  forma- 
tian  of  folds,  and  are  to  t>e  explained  in  the  same  wny  as  the  formation  of  those 
folds  whioli  in  epithelial  lamellie  pluy  such  an  important  part  in  the  origin  of 
the  most  various  organs.  When  certain  tracts  of  a  muscle-lamella  are  called 
upon  to  execute  additional  labor,  this  can  be  effected  only  by  an  increase 
in  the  auml)er  of  the  librillie  lying  parallel  to  one  another.  But  a  greater 
number  of  fibrillm  can  be  brought  into  a  cirouniscribed  territory  onit  In  one  or 
the  other  of  two  ways :  either  by  their  coming  to  lie  iu  several  layers  one  above 
another,  or — if  the  mure  simple  arrangement  of  lying  side  by  side  is  to  be 
retained — by  the  folding  of  the  rauscle-lameila.  The  (oldiog  exhibits  two 
■Dodiftostions.  Sometimes  there  are  produced  parallel  dnughter-lomeiln  placed 
side  by  side  and  perpendicular  to  the  motlici-lamolls9 ;  sometimes  the  folded 
lamellie  become  wholly  detached  from  the  parent-hkyer  and  converted  into 
muscle -cylinders,  which  imbed  themselves  in  Ihc  anderlying  sustcntatlve 
lamella. 

Witli  the  conception  hero  presented  of  the  origin  of  the  tranaversely  striped 
mnscle-Sbres  of  Vertebrates,  it  must  be  assumed  as  very  prot>able  that 
nibseqaently  nn  increase  in  their  numlwr  will  lake  place  as  a  result  of 
oonstriction  and  detachment  into  two  parts,  as  was  Qrst  maintained  by 
WBIBMANH. 
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In  AniphioxiLs,  tlio  CjcloBtomes,  arnl  the  Aniiihibift  tlie  most 
iiiipovliint  function  of  the  primitive  Mt'gmeiitji  is  the  proilaction  of  the 
fiiniLiiuunt  uf  tlie  tranHvoraely  striped  anil  vcilimtary  musculature. 
(Jn  the  otiior  hnnil  it  is  not  vory  pviiient  tluvt  the  primitive  segments 
also  share,  in  tlie  mnnner  previously  {p.  172)  described,  in  the  deve- 
lopment of  the  meKencbyme ; 
this  is  correlated  with  the  fact 
that  in  general  the  connective 
und  auatcntjitive  aubstaacps 
play  a  slight  role  in  the  con- 
struction of  the  boilios  of  the 
lowiT  Vertebrates,  and  es- 
pecially during  larval  life  are 
developed  to  only  a  very  insig- 
nificant amount. 

Tliis  is  altered  in  the  Sela- 
chians and  the  three  higher 
classes  of  Vertebrates.  Not 
only  does  tho  mesenchyme 
in  tho  adalt  bodies  of  these 
attain  a  more  voluminoua 
development  and  a  degree  of 
differentia  tioQ  that  is  in 
all  directions  more  advance<l, 
but  it  is  a  bo  established 
earlier  and  likewise  in  greater 
abundanci'.  Therefore  tho 
primitive  segments  here  ex- 
hibit in  their  metamorphoRifl 
som'what  modified  pheno- 
mena. At  tlie  xame  time 
with  tho  differentiation  of 
the  muscular  tissue,  and  in 
pai-t  even  before  that  event, 
tho  development  of  mesen- 
s  observable.  Tho  primitive  segment  (fig.  194)  in  this  case 
tntiut«d  fi-om  the  start  into  two  ecjuaJly  distinct  fundaments, 
of  which  the  one  is  designated  as  scltrotome  or  skeletogenous  layer 
(«A),  the  other  as  muscle- pin tc  (vip).  While  referring  the  reader  to 
the  ninth  chapter,  1  add  to  the  presentation  given  there  a  few 
further  statements. 
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a  the  Selmrbians  the  nkeletogenous  layer,  the  in'igin  of  wliich  ban 

already  been  Uescribeil,  grows  iipwanl  at  the  aide  of  the  chorda  (tig. 

195  Vr).     Oiitnido  of  tbis  layer  one  finds  the  part  of  the  primitive 

Begmeut  which  serves  for  the  formation  of  mtuicle.  ThiH  consifitB  of 
D  inner  layer  (ny')  and  an  outer  layer  (m;j),  whiah  are  Beparated 
I  from  eacb  other  by  thei-emnantof  thecavityof  the  pi'imitive  segment 
ig.  194  h).  The  inner  layer  (fig-  106  7np')  is  in  uotitaft  with  the 
,  BkeletogenoiiM  tisane  {Vr),  and  is  fonipofied  of  numerous,  superposeil, 
I  spin  die- sha{ied  cells,  whit^h  are  arranged  longitudinally  and  give  rise 
1  to  IraiiKverijely  tttriiied  muscle- fibrilliB  ;  they  correspond  to  the  inner 

wall  of  the  primitive  segment  in  the  larvie  of  AmphioxuB  (fig.  189) 
I    aitd  CyclostomBH,  which  in  in  direct  contact  with  the  chotda.     The 

outer  layer  lies  in  conUtct 

witli    the    epidermis,  and 
ns    for   n    long    time 

com[toHed   at    cubical    epi- 
thelial cells,    DoiitaUy  and 

ventrftily  it  bends  jvround 

into    the    muscle  •  forming 

layer,  and  hei*  contributeM 

to  the  enlargement  of  the 
[  latter,  an  in  Amphioxus 
I  and    the  Cyclostomes,   by 

He   cells   becoming    longei- 

and  being  met-amorphosed 

into  muBc!e-tibres(lig,  185). 

The  muscle  -  pkte  then 
,    inpreods    out    farther    into 

I  the  wall  of  the  trunk  both  above  and  below  (figs.  185  and  205). 
I  At  the  fame  time  its  cavity  (myoceel)  gradually  disiippeara.  The 
le-forraiug  layer  (fig,  185  wi/i')  continues  to  increase  in  thickness, 

eince  the  number  of  muticle-fibreH  becomes  greater  ;  the  outer  layer 

also  loBes,  ratiier  late  it  is  true,  it*,  epithelial  character,  and  is  oon- 
'  cemed  on  the  one  hand  in  the  development  of  tlie  coriuni  (lig.  205 
t  0p),  while  on  the  other  it  fumLdies  au  additional  outer,  thin  niuscle- 
1  lamella.  This  obrwrvation,  made  by  BAL>Y)Uit,  has  oft«ii  been  called 
I  in  quextiun,  but  haa  recently  been  contiraied  by  va.\  Wijue. 

In  Reptilee,  Birds,  and  Mammals  the  pi-olifemtion  of  the  primitive 
[  aegment<«  which  fui-nialies  the  i^keletogenous  tissue  is  still  more 
I  extensive  than  in  Selachiams.  Thereby  the  muscli'-phite,  or  the 
I  dorsal  plate,  aa  it  iii  also  called,  is  ci'owded  fai-thcr  away  from  the 
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chorda.  The  differentiation  of  muscle-fibres  follows  at  a  much  later 
stage  of  development,  in  comparison  with  Amphioxus  and  the  Cyclo- 
stomes.  The  inner  layer  of  the  muscle-plate  is  converted  into 
longitudinal  muscle-fibres,  the  outer  contributes  to  the  formation  of 
the  corium  (fig.  202). 

Let  us  now  consider  somewhat  more  in  detail  the  original  condUUm 
of  the  muscidature.  It  shows  at  the  beginning  complete  uniformity 
in  all  classes  of  Vertebrates.  Everywhere  there  appears  as  its 
foundation  a  very  simple  system  of  longitudinal  contractile  fibres, 
which  first  appear  near  the  chorda  and  neural  tube  and  spread 
themselves  out  thence  dorsally  toward  the  back  and  ventrally  in  the 
wall  of  the  belly.  The  muscle-mass  is  divided  in  a  very  uniform 
manner  into  separate  segments  or  myomeres  by  means  of  connective- 
tissue  partitions  (Hgamenta  intermuscularia),  which  run  transversely 
or  obliquely  to  the  vertebral  column.  In  the  lower  Vertebrates  this 
condition  persists,  in  the  higher  ones  it  gives  place  to  a  more 
complicated  arrangement. 

We  cannot  recount  more  precisely  the  details  of  the  manner  in 
which  the  groups  of  muscles  of  the  higher  Vertebrates,  so  various  in 
form  and  position,  are  derived  from  the  original  system,  espedaUy 
since  this  field  of  embryology  has  been  as  yet  little  cultivated ;  let 
attention  be  here  called  to  only  two  points,  which  come  in  question 
in  the  dififei-entiation  of  the  groups  of  muscles. 

First,  a  very  important  factor  is  furnished  in  the  development  of 
the  skeleton,  which  with  its  processes  affords  points  of  attachment 
for  muscle-fibres.  Some  of  these  find  in  this  way  opportunity  to 
detach  themselves  from  the  remaining  mass. 

Secondly,  the  development  of  the  limbs,  which  arise  as  protuberances 
at  the  side  of  the  trunk  (figs.  157  and  158),  operates  toward  a 
greater  differentiation  of  the  musculatiure.  The  limbs  likewise,  ac- 
quii^  their  muscidature,  which  in  the  higher  Vertebrates  has  a  very 
complicated  arrangement,  from  the  primitive  segments,  as  has  been 
learned  through  the  investigations  of  Klbinenbekq  and  Balfour,  as 
well  as  recently  thi'ough  the  very  convincing  accounts  of  Dohrn. 

In  the  Selachians,  in  which  the  processes  are  most  clearly  recog- 
nisable, ceU-buds  sprout /oi'th  out  of  the  still  hollow  pHmitive  aegments 
and  grow  into  the  paired  and  median  fins,  in  which  they  become  meta- 
morplwsed  into  inuMle- fibres.  The  fact  that  always  from  a  large 
number  of  primitive  segments  buds  are  given  off  to  a  fin  is  vxyrthy  qf 
aU&ntioUj  because  it  demonstrates  that  the  extremity  is  a  structure 
that  belongs  to  sevei-al  somites. 
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B.  Tli€  SegmenU  of  tJt«  Head. 
Important  works  on  the  development  of  the  head  have  appeiired 

in  lute  yetire  by  Goette,  Bai.fditr,  Marshall,  Wijbe,  Fkoriep,  Rasl, 

and  others.     They  have  led  to  the  important  concluKion   that  the 

bead  is  made  up  of  a  large  Dumber  of  segments,  in  the  same  manner 

as  the  trunk,     These  conditions  are  moiit  evident  in  the  SelaciiiaoK, 
When  in  these  animals  the  middle  genn-layers  have  grown  into 

the  fundament  of  the  head,  they  hei-o,  as  in  tlie  trunk,  early  Keparate 

from  each  other,  and  thus  embi-aoe  on  either  side  a  uai-row,  fimsure- 

like  space,  the  head'Cavity.     This  is  continuous  posteriorly  with  the 

general  body -cavity.     It  follows  from  thiis  that 

the  two  prumlive  body-atiaa  (ctelont-aaes)  poutss 

a  greater  extent  in  tfie  eiahri/o  than  tJiei/  do  sub- 

aequtntlij,  since  Uny  reach  into  the  moit  anta-iof 

part  o/ the  embri/onic/undmnent,  the  head. 
In  the  further  course  of  developmi'nt  the  walls 

of  the  head-cavity  are  dilTerentiated,  in  the  same 

manner  as  the  walls  of  the  body-cavity,  into  a 

ventral  portion  and  a  dorsal  portion,  the  latter 

producing  primitive  segments.  Then  there  arises, 

however,  an  important  diflerence  between  head 

and  trunk  ;  in  the  trunk  only  the  dorsal  portion 

is  segmented,  but  in  the  head  both  ventral  and 

dorxol  portions  are  segmented,  each  in  a  manner        ^ 

peculiar  to  itself. 

Hie  ventml  part   of  the  head-cavity  is  divided,  in  consequence 

of  the  development   of  the  visceral   clefts,  into  separate  segments 

(brancbiomeres  Ahlbobn),  the  first  of  which  is  situated  in  front  of 
I  tlie  first  cleft,  each  of  the  remaining  oneA  between  two  clefts,  Each 
I   segment  (fig.  196)  consists  of  a  wall  composed  of  cylindrical  cells  and 

encloees  a  narrow  cavity.  With  its  enveloping  connective  tissue  it 
I  constitutes  the  visceral  arches,  which  are  separated  from  one  another 

by  the  visceral  clefts ;  for  this  reason  the  fissures  arising  from  the 
I  head-cavity  have  been  drsugnated  by  Wijhb  as  visceral-arch  cavities. 
,  The  latter  communicate  for  a  time  under  the  gill-pouches  with  the 
I   pericardial  chamber  surrounding  the  heart.     But  then  they  begin  to 

be  closed  J  theii'  walls  come  into  contact ;  and  out  of  the  cyhndricai 

epithelial  cell^  are  developed  the  transversely  stiiped  muscle  fibres 
I  lohich  produce  the  muedes  of  the  jaws  and  giUa. 

Consequently  there  results  for  tlin  head-region  of  Vertebrates  this 
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important  pi'opoBition  :  the  head-mtisculcUvre  is  developed  not  only  oul 
of  the  primitive  segments j  hut  also  otU  of  a  part  of  the  epitheUum 
of  if^  head-cavity  which  corresponds  to  the  lateral  plates  of  the  trutik ; 
whereas  tfie  latter  do  not  contribute  to  the  formcUion  of  muscles. 

So  far  as  regards  the  dorsal  part  of  the  middle  germ-layer  in  the 
head-i*egion,  it  is  divided,  as  in  the  trunk,  into  primitive  segments, 
which  in  the  Selachians  are  nine  in  number  and  embrace  each  a 
cavity,  with  the  exception  of  the  first,  which  is  solid.  They  arise 
first  in  the  postenor  i-egion  of  the  head,  and  increase  from  there 
forward.  The  segmentation  of  tfie  whole  body  is  therefore  a/OOompUshed 
in  the  Selachians — and  the  same  is  likewise  true  for  all  the  remaining 
Vertebrates— in  sudi  a  manner  that  it  begins  in  the  neck-region^  and 
proceeds  tfience  on  the  one  hand  backward  to  the  tail,  on  the  other 
forward. 

The  walls  of  the  primitive  segments  of  the  head  in  part  furnish 
muscles,  in  part  degenerate.  Out  of  the  first  three  pairs  arise  the 
eye-muscles,  as  Marshall  and  Wijhe  have  demonstrated  in  detail. 
The  first  segment  envelops  the  primitive  eye-vesicle  like  a  cup,  and 
is  difierentiated  into  musculus  rectus  superior,  rectus  inferior,  and 
obliquus  inferior.  The  second  pair  gives  origin  to  the  obliquus 
superior,  and  the  third  pair  to  the  rectus  externus.  The  segments 
from  the  foui-th  to  the  sixth  inclusive  disappear,  while  out  of  the 
last  three  are  developed  muscles  which  extend  from  the  skull  to  the 
pectoral  girdle. 

In  the  remaining  Vei*tebrates  the  metamorphosis  of  the  middle 
germ-layer  in  tho  head  has  not  been  investigated  in  so  exhaustive 
a  manner  as  in  the  case  of  the  Selachians.  There  do  not  appear 
to  be  any  head-Ciivities  developed,  because  the  middle  germ -layers 
i*emain  at  all  times  pressed  together.  However,  we  know  that 
primitive  segments  are  demonstrable  even  hei*e.  Gk)ETTE  describes 
four  pairs  of  them  in  Bombinator ;  Froriep  finds  in  Mammals  in 
the  occipital  region  alone  on  either  side  four  muscle-segments,  of 
which  the  two  most  anterior  are  believed  subsequently  to  degenerate. 
In  individual  cases  there  still  remains  much  to  be  elucidat€'d  by 
more  exhaustive  investigations. 

liABL  has  recently  expressed  dissent  in  some  points  from  the 
exi)osition  of  the  head-segments  as  given  by  Wijhe.  He  divides  the 
head-segments  into  two  groups — four  anterior  or  proximal,  and  five 
pasterior  or  distiil.  Only  the  latter  are  according  to  Rabl  to  be 
compared  with  the  trunk-segments ;  whereas  the  first,  owing  to  their 
method  of  origin,  must  take  a  separate  position. 


'   TUC   MIDDLE   ( 


353 


II.  The  Development  of  the  TTrlBary  and  Sexual  Oi^^b. 

The  development  o£  the  iirinnry  and  sexual  organs  cjinnot  be  discussed 
separately  Id  two  chuiiters,  because  these  systems  of  organs  are  most  in- 
timately connected  with  eacb  ot  Lev,  both  anatomically  and  genetically. 

Fii-st,  both  take  theii'  origin  at  one  and  the  same  place  on  the  epi- 
thelial investment  of  the  body-cavity ;  secondly,  parts  of  the  urinarj' 
Hystem  subsequently  enter  into  the  wrvice  of  the  eesuitl  apparatiiH, 
for  they  furnish  the  passagee  or  canalii  which  are  enti-usted  with  the 
evacuation  of  the  eggs  and  semen.  In  anatomy  also  one  therefore 
properly  embraces  the  two  genetically  united  systems  of  organs  under 
the  common  name  of  urogenital  system  or  appamtiis. 

Again  in  this  subject  we  turn  to  one  of  the  most  intei-enting 
portions  of  embryology.  The  urogenital  system  claimii  an  intei'est 
particularly  from  u  morphological  point  of  view,  liecause  a  great 
number  of  important  metamorphoses  are  ettect«d  in  it  dm-ing 
embiyonic  life.  In  the  higher  Vertebrates  the  pronephros  and  the 
me(M>n(>phros  are  formed  tirwt ;  they  are  organs  of  an  evanescent 
nature,  which  in  some  cases  disappear  and  arc  replaced  by  the 
permanent  kidney,  in  other  cases  their  ducta  alone  are  pi-eserved. 
But  these  transitory  structures  correspond  to  organs  which  are 
permanently  functional  in  the  lower  Vertebrates. 

In  late  years,  the  attention  of  investigators  having  been  directed  to 
A  series  of  entirely  new  and  unexpected  phenomena,  by  the  excellent 
researchee  of  Waldeyer  and  Seui-eb,  the  topic  "  urogenital 
Organs "  has  been  cai-efully  worked  out  by  very  many  different 
observers  thi'ough  the  investigation  of  each  separate  class  of  Verte- 
brates, There  has  arisen  a  voluminous  literature,  and  many  im- 
portant facts  have  been  brought  to  light.  Nevertheless  it  is  not  to 
be  denied  that  conceptions  concerning  many  fundamental  questions 
are  stiU  very  divergent. 

Ab  in  several  previous  chapters,  I  shall  also  here  give  to  the 
diBOUBsion  a  broader  foundation  by  treating  somewhat  more  ex- 
haustively of  the  lowei-  Viu'tebi-ates  in  cei-tain  questions. 

(a)  ?'Ae  Pronejihros  and  the  Mesmtephric  DjkI. 

The  first  thing  that  becomee  noticeable  in  the  origin  of  the  uro- 

!  genital  apparatus  is  the  fundiiment  of  the  pi-onephros  [head-kidney]. 

This  is  a  structure  which  hits  now  been  demonstrated  in  the  embryos 

of  all  Vertebrates,  but  which  plays  in  some  a  gi-eater  pirt,  in  others 

I   a  leeser  one.      In  some    Vertebrates  (Myxine,  Bdcllostoma,  Bony 

'  Fishes)  it  is  retained  permanently ;  in  others,  as  the  Amphibia,  it 

i.  23 
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grows  during  larval  life  to  an  important  organ,  which  disappeaiv 
aft«r  the  animal's  metamorphosis ;  finally,  in  the  Selachians  and 
Amniota  its  funda- 
ment ia  from  the 
beginning  veiy  rudi- 
mentaiy.  In  the 
latter  case  it  was 
held  to  be  the  front 
i^nd  of  the  tneso- 
nepbric  duct,  until 
through  comparative 
embryology  the  right 
view  h&d  been  at- 
tained. 

I  select  as  t^yp^** 
of  the  development 
of  the  pronephrw 
the  Selachians,  Am- 
phibia, and  Birds. 

In  Selachians  of 
about  twenty  ■  seven 
ijomites  the  prone- 
phroii  begins  with 
the  third  or  fourth 
trunk  -  B^ment  and 
is  developed  from 
there  backwards. 
At  the  place  where 
the  segmented  por- 
tion of  the  middle 
germ  -  layer  is  con- 
tinuous with  the 
lateral  unsegment«d 
portion,  there  grow 
out  of  ib)  parietal 
lamella  a  number  of 
cell -cords  (fig.  197 
m)  segmentally  ar- 
lunged  one  behind  another,  in  Torpedo  six,  in  Pristiurus  four, 
which  bend  backwai'drt  and  become  united  into  a  longitudinal 
cord.      Soon    afterwards    the    fundamentd    acquire    small    cavities 
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through  dihUis^HXuatioD  of  the  cellK.  Iii  this  manner  there  has  now 
ariaen  between  epidermis  and  parietal  middle  liiyer  a.  longitudinul 
canal,  which  atretcbes  ovBr  several  negmeut^  of  the  trunk  and  com- 
municates with  the  body-cavity  liy  meaiut  of  several  BucceHnive  openings, 
the  pronephric  funnels  (fig.  104  vn).  At  one  place  the  pronephric 
duct  comeH  close  itp  to  the  epidermiu 
and  fuses  with  it  (fig.  1!)S  vg).  Al- 
though nn  actual  opening  is  never 
formed  hej-e,  etill,  supported  by  thin 
fact,  one  may  express  the  conjecture 
that  originally  the  pronephros  in  Ver- 
tebrates opened  out  at  a  point  far 
forward  on  the  body  (vas  Wijhb, 
Ruckkrt) 

A  bhort  time  after  lU  formation  the 
fundament  undergoes  in  ita  anterior 
half  a  complete  degeneration  the  pon 
terior  half  on  the  usntrary  is  further 
developed  and  enlargem  hut  lemtunt^ 
in  connection  with  the  body-<ji>  ity  hj 
means  of  a  single  funnel  oulv  (ii^  I'H 
va),  either  liecauhe  as  >an  ^VIJHB  ns 
Serbs,  the  si  %eral  Fimnelsaio  fuHed  into 
a  single  one,  or  becautu  in  accordance 
with  the  aiKKiunt  of  BiJckbrt,  all  the 
funnels  except  a  single  one  become 
closed  and  degenerate, 

III  the  Amphibia,  with  which  the 
Bony  Fishes  exactly  agree  in  this  ptnnt, 
the  pninephroH  is  established  in  the 
moi^t  anterior  pari  of  the  trunk  as 
un  orgit.li  that  is  from  the  beginning 
hollow  (fig.  199).  Below  the  primitive  "(  /oiii-«ii.  (.« ;'/.  vmtnu  beuu 
segments,  which  have  already  been  J^^uwiuor'"'*"""'' *'"'*  *" 
differentiated    into   mnsclo-fibres   (m), 

there  appeai-s  a  groove-like  evagination  (w)  of  the  parietal  layer 

of  the  peritoneum,  which  stretcJies  from  in  front  backward  over 

|:tBTeml    somites.      By   detaching   iteelf    from    its    parent-tissue   at 

BVeral  places,  and  remaining  iti  connection  with  it  at  others,  it  is 

inverted  into  a  longitudinal  tannl,  which  in  Rana  and  Bombinator 

mmunicati«  with  the  liody-cavity  by  means  of  three  pronephiic 
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funnob,  in  Triton  and  Salamaoder  by  meami  of  two.  The  whole 
fundament  soon  afWr,  during  the  larval  life,  acquires  ample  propor- 
tions, owing  to  the  fact  that  the  nephridial  funnels  grow  out  into  long 
and  very  tortuous  tubes  (pronephric  eanak).  (FtSBBKiKOER,  Gobite.) 
In  Birdu,  with  which  Rep- 
tiloH  and  Uammals  agree,  the 
prouephros  appears,  much  as 
in  Selachians,  in  a  more  or  less 
rudimentary  form  (Sedgwick, 

GaSSER,  ReNSON,  SlBHERUNa, 

Weldon,  Mihalkotics).  It 
ia  first  observable  in  embryo 
Chicks  having  eight  primitive 
segments  and  in  the  region  of 
the  tterenth  somite  i  in  older 
ombryos  it  is  developed  from 
this  place  backward  into  the 
region  of  the  twelfth  somite. 
At  the  place  where  the  primi- 
tive segments  (fig.  200  P.v) 
are  constricted  off  from  the 
lateral  plate  {S.o),  but  still 
remain  for  some  time  in  con- 
tinuity with  it  by  means  of  a 
connecting  region  (the  middle 
plate),  there  grows  out  from 
the  parietal  lamella  of  the 
middle  germ  -  layer  (somato- 
pleure)  a  ridge  of  cells  {W.d), 
which  ia  directed  toward  the 
overlying  epidermis.  L^ter, 
Uke  the  corresponding  furrow 
in  the  Amphibia,  it  becomes 
detached  in  places  from  ite 
t.  ^h     ^         parent  -  tissue,      and      when, 

meanwhUe,  the  primitive  aeg- 
!  hkewibc   nholly  detached  themselves  from  the  lateral 
H  converts  d  into  a  loiigitudinnl  cord,  which  is  united  with 
the   epithelium  of   the   body-cavity  by  means  of  short  transverse 
branches      Similar  conditions  exist  in  Jteptiles  and  Mammals, 
finally,  the  pronephros  subsequently  acquires  a  peculiar  a 


mentb  ]la^ 
plates  It  u 


r 


THE   ORGANS   CiF   THE   HIUDLB   riGRM-LATER. 


357 


{fom  the  fact  that  there  are  develope^l  out  of  the  wall  of  the  body- 
cavity,  iu  thB  vieinity  of  the  openinga  of  ita  tubules,  one  or  several 
vascular  glomeruli.  In  the  Chick  for  e!cann>lf  (fig.  201 ),  in  the  region 
from  the  eleventh  to  the  fifteenth  somites,  there  is  a  proliferation  of 
connective  tissue  on  either  side  of  the  mesentery  (me), — by  means  of 
which  the  right  and  left  pronophridia  are  separated  from  each  other, 
— which  grows  into  the  boily-cavity  as  a  spheroidal  body  (gl). 

A  blood-vessel  from  the  aorta  penetrates  into  each  proliferation 
and  is  here  resolved  into  a  tuft  of  capillai'iets,  which  are  then  united 
again  into  an  efferent  vessel.  Only  in  those  Vertebrates  in  which  the 
pronephros  is  functional,  as  in  the  larva)  of  Uie  Amphibia,  in  the 
Oyclostomes  and  the  Telcostw, 
does  the  glom^Tuliis  attain  to  a 
considerable  development,  where- 
as in  the  Selachians  and  Amniota 
it  remains  rudimentary.  In  the 
first  ciwe  fluid  or  urine  is  pro 
bably  secreted  by  this  apparatus, 
and  then  taken  up  by  tht^  open 
ingB  of  the  proiiephric  tubules 
and  conducted  outside  the  body 
by  means  of  the  pmnepiu-icduit, 
which  is  to  be  discussed  directly. 
There  is  one  point  in  this  con- 
nection that  is  noteworthy  and 
characteristic  of  the  .'itructure  of 
the  pronephros :  the  glomendus 
li  devniopcd,  not  in  the  wall  of 
the  pronephric  tubule  itself,  a.i 
is  the  case  in  the  tubules  of  the  i 
body*cavity,  so  that  the  ui-ine  cf 
agency  of  the  latter. 

But  in  what  manner  does  the  pro 
outside  ? 

This  commuiiicjitioii  takoa  place  by 
which  is  developed  in  immediate  continuation  with  the  pronephros, 
and,  beginning  iu  front,  gradually  grown  backwards  until  it  reHciies 
the  proctodeum  and  opens  into  the  cloaca.  It  ih  found  in  all 
Vertebrates  in  the  region  where  the  primitive  segments  abut  upon 
the  lateral  plates.  At  the  time  of  its  origin  it  is  always  close  under 
the  epidermis,  later  it  is  fiirther  aiic!  farther  removed  froai  the  latter 
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by  the  ingrowth  of  embryonic  connective  tif«ue,  and  comes  to  lie 
very  deep  (fig.  202  wd  and  fig.  205  ^ig).  This  canal  has  acquired  a 
number  of  different  names,  and  is  cited  in  the  literature  as  pro- 
nephric,  mesanephric,  Wolffian^  or  segmental  due$.  The  diflferent 
designations  are  explainable  from  the  fact  that  the  canal  alters  its 
function  in  the  course  of  the  development  of  the  nephridial  system, 
serving  at  first  as  an  outlet  for  the  pronephros  only,  afterwards  for 
the  mesonephroK. 

Views  concerning  the  origin  of  the  canal  were  for  a  time  conflicting. 
According  to  one  supposition,  which  a  few  years  ago  almost  all 
investigators  entertained,  the  longitudinal  canal  of  the  pronephros, 
when  it  had  been  constricted  off  from  the  parietal  wall  of  the  body- 
cavity,  protruded  with  its  posterior  end  as  a  free  knob  into  the  space 
between  outer  and  middle  germ-layers,  and  gradually  grew  out  inde- 
pendently, by  multiplication  of  its  own  cells,  as  far  as  the  hind  gut 
(proctodseum).  It  was  said,  therefore,  to  be  constricted  off  from 
neither  the  outer  nor  the  middle  germ-layers,  nor  yet  to  derive  from 
them  cell -material  for  its  increase. 

This  interpretation  has  recently  become  untenable.  As  is  reported 
in  an  entirely  trustworthy  manner  concerning  several  different  classes 
of  Vertebrates, — for  Selachians  (Wijhe,  Rabl,  Beard),  for  Amphibia 
(Perenyi),  for  Reptiles  (Mitsukuri),  and  for  Mammals  (Hensek, 
Flemmino,  Graf  Spee), — the  posterior  end  of  the  pronephric  duct  in 
process  of  growth  is  in  thase  cases  by  no  means  an  entirely  isolated 
structure,  but  is  in  close  union  with  the  outer  germ-layer.  Attention 
has  ali-eady  been  called  to  this  fact  apropos  of  the  development  of  the 
pronephros.  In  a  Selachian  embryo  the  condition  which  is  repre- 
sented in  fig.  197  Is  soon  followed  by  a  condition  (fig.  198)  in  which, 
in  a  seiies  of  cross  sections,  the  pronephric  duct  now  appears  as  a 
ridge-like  thickening  of  the  outer  germ-layer.  By  a  study  of  various 
older  embryos  it  can  be  further  established,  that  the  ridge-like  thick- 
ening of  the  outer  germ-layer  is  prolonged  backwards  by  means  of 
cell-proliferation  in  that  layer,  while  in  front  it  is  being  constricted 
off  from  the  parent-tissue.  The  pronephric  duct  therefore  grows  at 
the  expense  of  the  outer  germ-layer,  and  moves  as  it  were  along  the 
latter,  with  its  terminal  opening  behind,  as  far  as  to  the  hind  gut. 

When  Hensen,  Flemmino,  and  Graf  Spee  made  their  observations 
on  Mammals,  they  were  thereby  led  to  adopt  the  view  that  the 
mesonophric  duct,  as  well  as  the  whole  urinary  system,  was  derivable 
from  the  outer  germ-layer.  The  union  with  the  middle  germ-layer 
they  regarded  as  one  that  had  arisen  secondarily.     But  their  oonoep- 


THK    OnOANS    OF    THE    MIDDLE    OEF!M- IJIYER.  ilSfl 

tiou  cannot  l>i>  bniiigUt  into  uniiioii  with  ttie  conditions  of  tlie  pi-o- 
nepUrofl  wiiich  havi'  bi*ri  found  in  tlif  remaining  iind  PHpecially 
in  the  Iowit  Vortfbi-atea  (Selachians,  Tfleosts,  Anipliibiii,  Birds) ;  oit 

'  the  other  hand  atlowanco  in  made  foi'  all  (ibmrvatiiinN,  if  we  Hum- 
mariBe  them  as  follows :  that  the  pronephrott  is  developed  from  the 
'.'  middle  plate,"  and  that  then  its  posterior  end  comes  into  union 
with  the  outtT  germ-lnyer  and  in  conjunction  with  the  latter  grows 
farther  backward  as  the  pronephric  duct. 

If  this  explanation,  which  ha»i  also  iioen  L'xprEHsed  by  Wijhe  and 
RlfcKBRT,  is  coiTeet,  then  one  can  dt-^ignate  the  pronephric  duot  at 

i  itK  first  appeaniuci>  as  a  short  canal-liku  perforation  of  the  wall  of 
the  body,  which  Ifegins  in  tht-  body-cavity  with  one  or  several  inner 

I  ostia   and  opens  out  npon  the  skin   by  a   single  external   oriiice. 

I  Originally  the  outer  and  inner  openings  lay  near  together,  later  they 
moved  so  far  apart  that  the  outer  opening  of  the  canal  united  with 
the  hind  gut.  It  may  be  said,  in  favor  of  the  view  here  presented, 
that  in  the  CycloHtomeK  the  more  primitive  condition,  that  is  to  say, 
inion    with   thi'  skin,  hns   been  preserved.     For  in  them  the 

I  menmephric  duct  opens  t«  the  outside  at  the  abdominnl  pore. 

That  openings  should  arise  between  the  cavities  of  the  body  and  its 

I'  outer  surface  ia  in  no  way  remarkable.     I  call  to  mind  the  intestinal 

I  tube,  at  varioiLt  placfs  in  the  territory  of  which  there  are  formed 
openings,  as  mouth,  anas,  and  bralichial  clefts.  Still  more  frequent 
are  passages  through  tlic  body-wall  of  Invertebmtes.     As  aiich,  arise 

L  the  openings  at  the  tips  of  the  hollow  tentacles  ot  the  Actinia,  on 
tlie  ring-canal  of  the  Medu.see,  and  the  canals  (segmeutal  organs) 
which  in  Wormri  lead  out  from  the  (xidy-cavity  and  serve  for  the 

'  el imi nation  of  the  sexual  products  and  the  excretions. 


(J)    The  Sfemnephros.     (Wolffian  Body.) 

Following  upon  the  origin  of  the  pronephric  system  there  is  de- 

I  veloped  in  all  Vertebrates,  after  the  lapse  of  a  longer  or  shorter 

I  interval  of  time,  a  still  more  voluminous  gland,  serving  for  the  seci-e- 

h  tiim  of  urine,  the  primitive  kidney  (mesonephros)  or  Wolffian  body. 

I  It  is  developed  earlier  in  those  cases  in  which  the  ftnidnment  of  the 

pronephros  w  from  the  beginning  only  rudimentary,  as  in  the  Scla- 

cliians  and  Amniota  ;  it  appears  relatively  late,  on  the  contrary,  in 

those  Vertebrates  in  which  the  pronephros  attains  to  a  temporary 

functional  activity,  ils  in  the  Amphibia  and  Teleost-*. 

The  mesonephros  is  established  on  the  portion  of  the  pronephric 
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tlitnt  immnltntt^ly  b>-Uind  th«  pmnephric  tiibnlee.  The  duct  cod- 
HMiiwiilly  <V'r\-es  fnitn  till-  time  [orimnl  as  an  outlet  for  tha  newly 
ttmnM]  ({liinilular  org»D  alio,  and  c-an  therefore  be  deagii»ted  aa 
mewinephric  or  WolHian  duct. 

Whm  it  w  st-ited  tlmt  &  gland  is  developed  on  the  meaonephrio 


duct,  uiio  ftt  lii-st  thinks  that  lftt<?ral  bude  grow  out  from  its  wall  and 
givo  foilh  hruiiolicw,  mt  occurH  in  the  fiindamtntK  of  glands  formed 
fitnii  tliii  outer  or  the  inner  genn-layors.  Nothing  of  the  Uud  takes 
pliico  lii'ic.  All  obst'i-vci's — with  the  exception  of  a  few  earlier 
inM-slijjiiioi-M— agree  mtlier  tliat  the  glandular  tubules  of  the  meeo- 
liipliros  arise  itiile[)en<]ently  of  the  mfttoiiephric  duct.     The  source 
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of  its  material  is  either  directly  op  indiiectlj  the  epithelium  of  the 
body -cavity,  tie  it  has  been  possible  to  prove  in  many  caseav— in 
Cycloatomes,  Selachians,  Amphibia,  and  Aniuiotn. 

There  are  formed,  following  one  another  in  irameiiinte  suci-effiion, 
short  tmnsverse  tubules  (fig.  202  at),  which  are  at  one  end  continuoiia 
with  the  epithelium  of  the  bwly-cavity,  and  at  the  other  end,  which 
reninins  for  a  long  time  cloaed,  are  joined  to  the  meaoiiephric  duct  {lod). 


which  rmiH  close  to  them,  but  somewhat  more  iaterad.  The  mesone- 
phroe  elongatea  from  before  backward  and  attainfl  a  great  length  on 
both  sides  of  thi'  mesentery,  for  it  reachtf  bat-k  from  the  region  of 
the  liver  nearly  to  the  posterior  end  of  the  body-cavity  ;  it  acquires 
a  very  delicate,  regular  condition,  as  the  figure  of  an  embryo  Dog 
'  twenty-five  days  old  shows  (tig.  203  v.n),  and  can  be  designated  ax 
'  n  oamh-ahaped  gland,  composed  of  a  lateral  collecting  tube,  running 
lengthwbie  of  the  I>o<ly  at  a  littl>-  dist.'inee  from  the  mesenteiy,  and, 
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attached  to  the  modian  aide  of  it,  short  transverse  branches,  which 
we  shall  dosifijnat**  Jis  mesonephric  tubuleH. 

Whereas  then^  can  no  longer  eidst  any  doubt  about  the  origin  of 
the  mesonephrie  tubules  from  the  middle  germ-layer,  the  statements 
concerning  the  method  of  their  formation  are  still  at  variance  with 
one  another.  In  jvccordance  with  the  fundamental  investigations 
of  Semper,  it  was  generally  believed  that  the  mesonephrie  tubules 
either  were  evaginated  in  metameric  sequence  along  the  dorsal  wall 
of  the  body-cavity  out  of  it«  epithelial  lining,  or  grew  forth  as 
originally  solid  buds,  as  glandular  sacs  do  from  the  outer  or  inner 
germ-layer. 

This  view,  according  to  the  more  recent  investigations  of  Sedgwick, 
WiJHE,  and  KOcKERT  for  the  Selachians  and  the  three  higher  classes 
of  Vertebrates,  is  no  longer  adequate.  In  these  cases  the  development 
of  the  mesonephrie  tubules  is  intimately  connected  with  that  of  the 
primitive  segments.  When  the  latter  begin  to  be  more  sharply 
separated  from  the  lateral  plates,  there  arises  at  the  place  of  con- 
striction a  nari*ow  stalk,  which  maintains  for  a  time  a  connection 
between  the  two  parts  (fig.  204  vh).  In  the  Selachians  it  possesses 
a  small  cavity,  which  unites  the  cavity  of  the  primitive  segment  with 
the  body-cavity.  In  the  Amniota  it  is  solid  (fig,  200).  Inasmuch  as 
the  successive  cords  (stalks)  are  here  closely  pressed  together,  they 
appear  Hko  a  continuous  cell-mass  interpolated  between  primitive 
segment  and  lateral  plate,  and  have  been  previously  mentioned  under 
the  name  of  the  middle  plate.  On  account  of  its  relation  to  the  meso- 
nephrie tubules,  the  middle  plate  is  also  designated  as  mesonephrie 
blastema.  The  mesonephrie  duct,  split  off  from  the  outer  germ- 
layer,  is  to  be  seen  taking  its  way  on  the  lateral  side  of  and  close 
to  the  connecting  stalks  of  the  primitive  segments.  Each  of  the 
connecting  stalks,  which  Ruckert  names  at  once  nephralomey — in 
contnulistinction  to  the  remaining  paints  of  the  primitive  segment, 
which  produce  the  muscle-plate  (myotome)  and  the  cell-material  for 
the  akeletogoTious  tissue  (sclerotome), — is  afterwards  metamorphosed 
into  a  mesonephrie  tubule.  Whereas  one  of  its  ends  remains  con- 
nected with  the  body-cavity,  the  other  becomes  separated  from  the 
primitive  segment  (fig.  205  uk^),  then  applies  itself  closely  to  the 
mesonephrie  duct,  fuses  with  the  wall  of  the  latter,  and  opens  into  it. 
In  the  diagram  (fig.  205)  the  detachment  of  the  connecting  stalk 
from  the  primitive  segment  is  shown  on  the  right,  the  fusion  of  the 
detached  end  with  the  mesonephrie  duct  on  the  left.  According  to 
this  whole  process  of  development  the  mesoncphros  is  from  the  very 
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beginning  a  Hegmentally  formed  organ,  tu  can  be  best  followed  in 
thp  Seliichians  ;  for  eiich  mp«one|)hrii'  canal  w  devt^loped  in  a  single 
segment. 

In  Reptilus,  BiHs,  nml  Mivranifilw  tlie  connecting  stalks  are  soliii 
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cordH  of  cells  (mesonephric  rords).  It  is  only  when  they  have  de- 
tached themselves  from  tlip  pi-imitive  segment,  and  their  blind  ends 
havo  united  with  the  mesonephric  duct,  that  they  scqiiire  a  small 
cavity  (fig.  202  si).  Now  they  also  become  more  readily  ilistin- 
guisliAble  as  separate  canals,  since  they  licconie  farther  removed  from 
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one  another  and  are  marked  off  from  the  surrounding  tissue  by 
sharper  contours. 

Although  it  is  often  stated  that  in  the  Amniota  the  mesonephric  tubules 
"  are  differenHated  out  of**  the  middle  plate  or  the  mesonephric  blastema,  it  is 
nevertheless  to  be  observed  that  this  is  nof  a  case  of  new  formation  out  of 
undifferentiated  cell-material.  The  so-called  middle  plate  at  the  time  of  its 
origin,  in  the  manner  previously  described,  is  at  once  separated  into  segmentally 
arranged  cords,  which  are  afterwards  metamorphosed  into  the  mesonephric 
tubules.  The  differentiation  out  of  a  blastema  is  therefore  here,  as  in  most 
cases,  to  be  conceived  of  as  an  increase  in  the  distinctness  of  already  esta- 
blished structures,  which  constitute  a  cell-mass  that  appears  undifferentiated, 
but  only  on  account  of  our  limited  means  of  discrimination. 

In  the  Amphibia,  Teleosts,  and  Ganoids*  the  origin  of  the  mesonephros 
deserves  to  be  subjected  to  renewed  investigation  from  the  recently  acquired 
points  of  view. 

Soon  after  their  union  with  the  mesonephric  duct  the  individual 
mesonephric  tubules  begin  to  grow  somewhat  in  length,  to  take  on 
S-shaped  curves,  and  to  be  differentiated  into  three  regions.  The 
middle  region  undergoes  a  vesicular  enlargement  and  is  converted 
into  a  Bowman's  capsule.  Individual  transverse  branches  from  the 
primitive  aortee,  which  pass  along  close  to  the  mesonephros,  make 
their  way  to  the  capsules,  and  are  there  resolved  into  a  tuft  of 
capillaries.  The  knot  of  blood-vessels,  or  glomerulus,  now  grows 
into  the  epithelial  vesicle,  the  median  wall  of  which  is  pushed  before 
it  and  invaginated  into  the  interior.  During  this  process  the 
epithelial  cells  of  the  invaginated  part  of  the  wall  become  greatly 
flattened,  whereas  upon  the  opposite  uninvaginated  side  they  re- 
main tall  and  cuboidal.  Such  a  structure,  consisting  of  a  vascular 
glomenilas  and  the  enveloping  Bowman's  capstUe,  is  called  a  Mai- 
pighian  corpuacle,  an  organ  that  is  exceedingly  characteristic  lof  the 
primitive  kidney  (mesonephros)  and  the  permanent  kidney  Hineta- 
nephros)  of  Vertebrates.  f  "■ 

In  addition  to  the  enlarged  middle  part,  there  is  to  be  distinguished 
on  each  mftsoncphric  tubule  a  narrow  connecting  portion,  which 
continues  to  increase  in  length,  running  to  the  mesonephric  duct,  and, 
secondly,  a  short  portion  connecting  with  the  body -cavity.  The  latter 
is  metamorphased  in  different  ways  in  the  separate  classes  of  Verte- 
brates. In  some,  as  in  many  of  the  Selachians,  it  retains  its  original 
connection  witli  the  lx)dy -cavity  even  in  the  adult  animals ;  it  begins 
at  the  peritoneum  with  an  opening,  suiTounded  with  ciliate  cells, 
wliich  wius  discovered  by  Sebiper  and  has  been  designated  nephridial 
funnel  or  iiej)hro8tonie^   and    which   in   many   respects   recalls  the 
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Kimilar  Ktnictures  of  the  excretory  orgaiiy  of  segmented  Worms.  In 
the  most  of  the  Vertebrates,  however,  special  nephriduil  funnels  are 
no  longer  developed,  inasmuch  as  the  mesonephric  tubules  won  after 
their  origin  completely  detach  theniBelves  from  the  epithelium  of  the 
hody-eavity  as  well  as  from  the  primitive 
fi^mente,  and  thereby  lose  all  i-elation  to 
the  body  cavity. 

A  meeonephroe  in  the  simple  form  in 
which  it  is  at  first  produced  develop- 
mentally  is  retained  permanently  only 
in  Bdellostoma,  a  representative  of  the 
Cyclostomes.  It  here  consists,  as  Jo- 
HAHNEB  MiiLLER  has  ahown,  of  an  elon- 
gated canal  (fig.  206  A  and  li  a)  and 
short  tranaverse  tubules  (6),  which  open 
into  it  at  short  intervals.  The  latter  are 
no  longer  connected  with  the  body-cavity 
by  means  of  a  nephridial  funnel,  but  they 
enclose  a  va^cvdar  glomerulus  at  their 
blind  end  (fig.  206  li  c),  which  is  some- 
what set  off   by   a   constriction. 

In  all  remaining  Vertebrates  the  meso- 
nepbroe  is  metamorphoued  into  a  more 
voluminous  and  more  complicated  organ. 
For  the  originally  short  tubules,  which 
run  trans veniely  into  the  metionephric 
duct,  begin  to  gnaw  in  length,  and  at  the 
same  time  to  be  thrown  uito  numerous 
folds  (fig.  207  s.t).  Moreover  there  h 
formed  meaonephric  tubules  of  a  second 
and  third  order.  These  again  are  also 
formed  independently  of  the  mesonepliric 
duct  dorsal  to  thi'  firal>-formed  transverse 

tubules;  their   blind  ends  appi'oach  the      _  _     „  ^„ 

primary  uiinary  tubule  and  join  its  ter-  niflod. 

minal  part,  which  is  thereby  converted 

into  a  collecting  tube.      At  the  same  time  a  Malpighia 


Fl«.  1M,-Puu 


',  •ffcroit  ■rt«7  ;  • 


formed  o 


h  of  them  also. 


1  body  is 


Still  more  exhaustive  invBBlJpations  concemtBg  the  fomjation  of  the  tecond- 
aiy  and  t«rtiar;  meMiiephric  tubules,  eHpociallf  for  the  higher  Vertsbrntes, 
appear  to  me  to  bo  desiiablc.    In  C  e  SelachiaDs,  accordiog  to  tlie  iilatemeiit£ 
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of  Balfour,  which  are  also  confirmed  by  others,  the  epithelium  of  the 
already  existing  Malpighian  glomeruli  is  the  starting-point  of  a  proliferation. 
Cell-buds  fi^row  out  from  the  latter  and  toward  the  urinaiy  tubules  lying  in 
front  of  them,  with  which  their  blind  ends  fuse.  After  this  union  has  been 
effected  they  detach  their  other  ends  from  the  parent-tissue. 

Through  the  development  of  compound  urinary  tubtUes,  each 
of  the  branches  of  which  i«  provided  with  a  Malpighian  corpuscle, 
the  primitive  kidney  (mesonephros)  acquires  a  complicated  structure. 
But  this  is  not  uniform  in  all  its  parts;  ordinarily  the  condition 
reaKsed  in  the  most  of  the  Vertebrates  is  this :  the  anterior  part, 
which  afterwards  enters  into  relation  with  the  sexual  gknds, 
retains  simple  tubules,  and  only  the  posterior  part  passes  into  a 
more  complicated  form  by  the  production  of  secondary  and  tertiary 
fundaments. 

The  more  the   mesonephros,  with   its  tortuous  tubules  and  its 


Wf .  807.— PimgTMn  vj  tb»  orifinal  oondition  cf  tha  kidnty  ia  an  tmbiyo  MaoWsii ,  after  Baltopr. 

pAf  Meionei^uic  dact,  whicli  open*  into  Uie  body-caTity  at  o,  and  into  the  cloaca  at  the  other 
end  ;  x,  line  along  which  Uie  MUlierian  dnct  (}jiDg  below  in  the  diagram)  is  divided  oil  from 
the  mewmephric  (Wolffian)  duct;  «.f,  meeonephric  (eegmental)  tnbalea,  which  on  the  one 
hand  oi>en  into  the  body-cavity,  on  the  other  into  the  meeonephric  dnct. 

further  differentiation,  increases  in  volume,  the  more  it  becomes 
delimited  from  its  surroundings  and  emerges  from  the  wall  of 
the  body  into  the  body-cavity  as  a  distinctly  diffei-entiated  organ, 
whei*e  it  forms  a  protruding  band  on  either  side  of  the  mesentery 
(fig.  210  WK). 

On  a  ci*oss  section  one  can  recognise  in  the  human  embryo  also 
(Naoel)  two  distinctly  separated  regions  on  each  urinary  tubule — (1) 
a  larger  one,  which  Ix^gins  with  the  Bowman's  capsule  and  is  lined 
with  Lirge  epithelial  cells  containing  abundant  protoplasm,  and  (2) 
a  narrower  I'cgion  with  small  cubical  elements.  The  latter  is  the 
collecting  tube,  which  unites  with  other  collecting  tubes  before  it 
opens  into  the  meeonephric  duct ;  on  the  other  hand,  probably  the 
former  region  alone  has  the  secretory  function,  as  also  it  is  beet 
developed  at  the  time  of  the  greatest  prominence  of  the  Wolffian 
body.  The  Malpighian  glomeruli,  likewise,  attain  at  this  time  in 
human  embryos  a  remarkable  size  (Naokl). 


The  further  t'nte  of  the  primitive  kidney  is  very  diffei'ent  in  the 
sepamte  claKsett  of  Vertobi-ates.  In  the  Anamnia,  i.e.,  in  Fishw  and 
Amphibia,  it  becometi  the  permanent  urinaiy  organ,  through  whieh 

I  the  excretions  of  the  body  are  eliminated ;  hut  beudeM  that,  it  also 
■cquirM  relations  to  the  eoxaal  apparatuH,  upon  which,  however,  I 
riiall  not  eater  until  later.  In  Birds  and  Mammals,  on  the  contrary, 
tlio  primitive  kidnuy  in  functional  only  a  short  time  during  embryonic 
life ;  soon  aftur  itH  uttablishment  it  undergoes  profound  i-egreasive 
elianges,  and  at  last  is  prenorved  only  in  part,  in  ho  fur  as  it  enters 
into  the  aervice  of  the  sexual  apparatus,  and,  as  we  shall  likewise  see 
Ikter,  participates  in  conducting  away  the  sexual  products. 


I 


(c)  T/ie  Kidney.     (Metanephros.) 

The  secretion  of  urine  is  assumed  in  the  higher  Veitebratee  by 
,s  third  gland,  which  is  entabliKhed  at  the  jHiMt^trior  end  of  the  meso- 
nepbiic  duct — tlis  yenaajieni  kulnei/.  The  method  of  ilti  formation, 
which  appears  to  diffei'  at  iirst  from  tliat  of  the  mesonephros,  pi-esents 
great  obstacles  to  itfi  investigation.  It  is  most  accurately  known 
from  studies  on  tlie  development  of  the  Chick  through  the  works  of 
Sedgwick.  At  the  beginning  of  the  third  day  of  incubation  in  the 
Chick  there  grows  out  of  the  [posterior]  end  of  the  mesonephi-ic  iluct, 
from  its  dorsal  wall,  an  evaginntion — the  ejxretorij  duet  of  t/te  kidne;/ 
or  M«(w. 

There  are  two  conflicting  views  i-elative  to  its  connection  with  the 
development  of  the  kidney.  According  to  the  older  view,  which  is 
still  shai-ed  by  many,  the  kidney  is  formed  from  the  ui-eter  in  the 
manner  irf  an  ordinary  glandular  growth.  It  is  maintained  that 
Bvagiuations  take  place  which  give  rise  to  other  evaginations,  and 
tJius  produce  the  whole  jai-enchyma  of  the  kidney.  According  to  the 
■econd  view,  which  has  been  foimiilated  especially  by  the  more  recent 

ibryologists, — by  Semfsk,  Biiaiin,  FCIrbkinoer,  Seikiwick,  and 
SalfoVR, — the  permanent  kidney  is,  on  the  conti'aiy,  developed  out 

two  different  fundaments,  which  come  into  relation  with  eadi  other 

ily  necondarily  :  the  meJullai-y  substance  with  its  collecting  tubnlec- 
lOut  of  the  ureter,  the  cortical  sulsitance  with  the  tortuous  tubules 
«nd  the  louju*  of  Henle,  on  the  other  hand,  out  of  a  special  fundament. 
Recording  to  this  view  there  would  be  an  agreement  between  tbi:< 
idevetopment  of  the  ki<biuy  and  primitive  kidney,  in  as  far  as  in  the 

rtter  the  mevoneplu'ic  liuct  and  the  mesonephric  tubules  also  ai'ise 
iseparatnly,  and  only  secundarily  ent(.-r  into  relation  with  each  other 
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by  means  of  funon.  The  agreement  here  indicated  is  a  not  unim- 
portant ground  for  my  giving  preference  to  the  uecond  rather  than 
the  first  view. 

As  far  as  regards  the  details  of  the  conditions,  they  are  in  the 
Chick — according  to  the  investigations  of  Sbdawick,  which  Baltoub 
has  confirmed — as  follows :  the  ureter,  which  has  arisen  by  an  evagi- 
nation  from  the  end  of  the  mesonephric  duct,  grows  into  that  part  of 
the  middle  plate  which  in  located  at  the  end  of  the  Wolffian  body  in  the 
region  of  the  thirty-first  to  the  thirty-fourth  primitive  segment.  The 
fundament,  however,  is  not  at  once  and  at  thin  place  converted  into 
A  kidney,  but  first  undergoes,  after  the  ureter  has  penetrated  into  it,  a 
very  considerable  change  in  potdUon;  to- 
gether with  the  ureter  it  grows  forward 
on  the  dorsal  side  of  the  meeonephric 
duct  farther;  it  meanwhile  gradually 
enlarges,  and  begins  to  show  intern^ 
difierentiation  only  when  it  has  oome 
into  this  new  poHitioo.  One  then  seee 
that  tortuous  tubules  become  mora  and 
more  distinct  in  the  small-celled  mass 
and  that  in  their  walls  Malpighian  cor- 
puscles are  established.  One  finds,  in 
addition,  that  there  are  evaginated 
from  the  end  of  the  ureter  separate 
sacs,  which  grow  out  into  collecting 
tubes,  and  probably  later  —  certainty 
in  regard  to  this  has  not  yet  been 
established — join  the  tortuous  tubluee  which  have  ariseii  in  the 
cortical  portion  of  the  kidney. 

This  voluminous  organ,  which  has  soon  outstripped  the  mesonephroe 
in  eiy.e,  is  originally  composed  of  individual  lobes  separated  by  deep 
furrows  (fig.  208).  The  lobation  is  retained  permanently  in  Reptiles, 
Birds,  and  xome  of  the  Mammals  (Cetooea).  In  moat  Mammals, 
however,  it  disappears,  in  Man  soon  after  birth.  The  surface  of  the 
kidney  acquires  an  entiri'ly  Kmootli  condition  ;  the  internal  structure 
(Mnlpigiii)in  pyramids)  aloui*  pointB  to  its  composition  out  of  indi- 
vidual portions,  originally  also  sM-pnrated  externally. 

if'or  the  sake  of  clearneHs  the  developmi'nt  of  the  three  rfgions, 
pro-,  mi'so-,  and  mi^tanephrw,  has  been  treated  a»  a  whole  up  to  this 
point.  Consequently  there  have  been  left  out  of  consideration  f<n* 
the  time  being  other  processes  which  are  taking  place  in  the  vicinity 
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of  the  fuiKiament  of  the  nie^onephrOR  at  the  same  time.    Tbe^  have 

to  do  with  the  evolutiun  of  the  Miillerian  duct  iind  the  sexual  organs. 

(d)  The  AfiiUerian  Duct. 
The  MUUeri&n  duct  ih  a  canal  which  is  found  lyuig  at  first  parallel 

and  uloee  to  the  metionephnc  duct  in  tlie  emhryoR  of  axosA  VertebiiiteH 

(Selachians,  Amphibia,  Reptiles,  Bird",  Mammals).     It  is  a  iitnn.)  that 

is  established  in  both  soxea  iu  the  same 

manner,  but  Nubaeijueutlj-  acquires  in  each 

&  different  function,     It  takes  its  origin 

in  the  lower  Vertebrates  from  the  m(«on<.-- 

phrio  duct,  as  can  be  most  easily  followed 

in    the    Selachian.**    (Semper,    Balfour, 

EoFphann).    In  thiacase  the  meNonepbric 

duct  bfoomeB  enlarged,  acquireH  in  cross 

flection  (fig.  209  ')  an  oval  form,  and  pre- 
sents a  different  condition  in  its  dorsal 

{mt)  and  ventral  {od)  halves,  the  latter 

being  at  the  same  time  in  immediate  con- 
tact with  the  peritoneal  epithelium.     The 

mCEwnephric  tubules  open  into  the  dorsal 

half,  while  ventrally  tlie  wall  is  consider- 

Hbly  thickened.    Then  a  separation  of  the 
o  parts  takes  place,  which  begins  a1 

little  distance  from  the  anterior  end  (croHS 

sections  3-1)  and  pi-octeds   backward  to 

the  point  of  opening  into  the  hiud  gut. 

Of  the  parts  which  residt  from  the  fission, 

that  which  lies  dorsally  is  the  permanent 

niesonephric  duct  {fxl) ;  it  exhibits  at  first 
I  a  broad  lumen  and  receives  the  urinary 

tubules  (fig.  207  si).  Ventrally,  between  it  and  the  epithelium  of 
I  the  body-cavity,  lies  the  MuUerian  duet  (tig.  209  od  and  fig.  207), 
\  which  is  at  first  only  a  narrow  passage,  but  later  a  much  enlarged 
In  the  process  of  fiwdon  the  anterior  initial  part  of  the  primary 
[  «atml  (fig.  207  p/l),  which  was  described  at  p.  353  an  pronephros  and 
!  which  opens  into  the  body-cavity  by  means  of  a  ciliate  funnel  (o), 
[  becomes  a  part  of  the  latter  duct,  and  the  ciliate  funnel  become«i  the 
('  ostium  abdominale  tuba;. 


Also  iu  the  cnse  of  tlic  Amphibia  the  MUllcrian  duct  : 
[  «pHt off  (FOnBBlNiiEB.HoFt'MANN) from  iHemesuoepliri 


I  developed  by  being 

:  AwA,  with  [he  eicep- 

24 
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tion  of  the  anterior  end,  which  bears  the  orifices  leading  into  the  body-cavity. 
A  small  territory  of  the  epithelium  of  the  body-cavity  immediately  adjacent  to 
the  pronephros  serves  for  the  construction  of  this  portion.  The  epithelium 
becomes  thickened,  owing  to  the  fact  that  its  cells  take  on  a  cylindrical  shape  : 
it  sinks  in  to  constitute  a  groove,  and  then  becomes  constricted  off  from  the 
surrounding  tissue  in  the  form  of  a  short  funnel,  which  in  front  remains  in 
connection  with  the  body-cavity  by  means  of  a  broad  opening,  but  posteriorly 
becomes  continuous  with  the  part  of  the  MUllerian  duct  that  is  produced  by 
fission.    The  pronephric  tubules  and  the  glomerulus  degenerate. 

The  fission  of  tho  single  mesonephric  duct  into  tm>  canals  lying 
close  together  iR  a  peculiar  process,  which  is  intelligible  only  upon 
the  assumption  that  the  mesonephric  duct  has  possessed  a  double 
function.  Probably  it  originally  served  as  an  outlet  for  the  secre- 
tions of  the  mesonephric  tubules,  and  also  by  means  of  its  pronephric 
funnel  took  up  out  of  the  body-cavity  the  sexual  products  (eggs  or 
seminal  filaments)  eliminated  into  it  at  their  matiuity,  and  con- 
ducted them  to  the  outside.  Similar  conditions  are  often  observed 
in  Invertebrates,  e,g,,  in  various  divisions  of  the  Worms,  in  which 
also  the  segmental  canals,  which  break  through  the  bckly-wall, 
transmit  to  the  outside  both  secretions  from  the  body  and  sexual 
products.  In  Vertebrates  each  of  the  two  functions  is  assigned  to  a 
special  canal,  one  of  which  loses  its  communication  with  the  body- 
cavity,  but  remains  in  connection  with  the  transverse  mesonephric 
tubules,  while  the  other  retains  as  its  part  the  ciliate  funnel  of  the 
pronephros,  and  thus  is  adapted  to  conducting  away  the  sexual  pro- 
ducts (eggs). 

In  Reptiles,  Birds,  and  Mammals  the  manner  of  the  development 
of  the  Miillenan  duct  is  still  a  subject  of  scientific  controversy. 
Most  observers  (Waldeyeb,  Braun,  Gasser,  Janosik,  and  others) 
state  that  at  no  time  was  a  process  of  fission  observed.  According 
to  their  rt^presentation  the  MUllerian  duct  arises  in  Birds  and 
Mammals  quite  independently  as  a  new  structure,  at  a  time  when  the 
mesonephros  is  already  well  developed  and  has  the  form  of  a  band- 
like body  (the  mesonephric  fold)  projecting  into  the  body-cavity 
(fig.  210).  One  then  sees  on  the  lateral  face  of  the  anterior  region  of 
this  body  that  the  epithelium  of  the  body-cavity  over  a  limited  area 
(a!)  is  thickened  in  a  remarkable  manner  and  composed  of  cylindrical 
cells,  whereas  elsewhere  the  cells  are  flattened.  The  thickened 
portion  of  the  epithelium  sinks  down  in  the  form  of  a  funnel  and 
applies  itself  closely  to  the  mesonephric  duct  (y),  which  is  near  at 
hand.  The  blind  end  of  the  funnel  grows  from  this  point  backwaitls 
independently,  as  is  usually  asserted,  by  means  of  the  proliferation 
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Rof  its  own  rells,  und  givee  rise  to  a  solid  cord,  which  lies  directly 
pbetween  the  mcaoDephric  duct  and  the  peritoneal  epithelium,  which 
is  here  Homcwhat  thickened.  The  rinuiel  ^irodiic^d  hy  the  iiiTngitin- 
tk>ij  DOW  iM^comeH  the  ostium  itlxlomintiU'  tiibfe,  but  the  solid  cord  of 
cells,  which  is  soon  hnllawi'il  out  iind  finally  opens  behind  into  the 
cloacA,  bcvomeH  the 
MiiUerian  duct 

If  the  repreaentu 

tion  jiist  given  is  coi 

rect  m  all  paiticulars 

lie  Mullcnftii  ductft 

1  the  Annmnia  and 

Amniota,     al 

UlOUgh    poHSeaaini, 

le     location 

{orm,   iind   function 

would   still    he   non 

faoniulogouH     (iignns 

Iiecansi  their  de^e]op 

■sent     18     different 

for  the  one  ut  split 

from    the    meeo- 

Bephnc     duct      the 

itlm-   i«  formed   m 

lependently     by     a 

Kw  invnginntion  of 

bhe  epithelium. 

Such  a  surprising 
EMult  Appears  to 
M,  however,  upon 
pounds  of  compii-a- 

Hve   anatomy,   to    be  sIbuiI  l>^>ruiiid;  WJr,  in™imophn«;  jr,  msMiqibnodnrt, 

y  improbable,  and 

therefore  the  attempt  made  by  some  inyeatigatora  to  refer  back 

the  conditions    found   in  the   Amniota   to  such   as  exixt   in    the 

Anamnia    deserves    every   attention.      Thix   would    be    possible  if 

(the  statemenU  of    BAi.ForB  and  Sboowick,  which  have  however 

called  in  question  by  others  (Janosik),  shoidd  be  confii'med, 

ve   have   previously  seen,  there  are  two  ditforcnt  regions  to 

distinguished   on   the    MUllerian   duot — nn   anterior,    which   is 

>  degenerated   pronephros  and    bears   the   uriOiM  of    the   tv\W, 


Fig.  SlO.— Orou  Hoti 
Ohiek  of  tli>  toui 


jud  the  HAil  fluid  vf  a 
day,  Mltxr  WALD£vtiL.     Mo^iiiilnl  li!U 

ciplcun ;  a',  tha  t^on  at  Uw  ggnufiul 
hidi  tbs  MUlIniu  duut  (ij  ha>  tem 
kinwil  lart  ot  Ilia  gamitual  vplUuiUaio. 
iiT  Kiul  will.  C  and  o,  lis :  B.  mndi- 
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and   a   posterior,   which   is  formed    by  being   t<plit  of!    from    tb^l 
iiK'sonephric  duct.     S'lch  a.  double  orij^  Balfour  and  Sedowkti 
endeavor  to  eBtablisli  for  the  Miilli'rian   duet  in  the  Chick  i 
The  part  pi-odticed  by  invagination  of  the  peritoneum  (fig.  210  ( 
they  interpi-et  as  pront-phros.     A  einiilarity  with  the  hitter  they  fia^l 
in  the  fact  that  tbix  part  does  not,  according  to  their  inveHtigations,  ' 
vonsiat  of  a  single  invagination  of  the  peritoneal  epitlielJum,  but  of 
three  open   invaginaUonti   lying  one   lichiud    the  othtT,  which  are 
joined   together  by  ridge-like  epithelial   thickenings   which   after- 
warda  become  hollow  (fig.  211  gr  %  yr  3,  r  2).     From  this  ridge  uM 
formed  n  slightly  curved,  short  duct,  whi<;h  communicates  with  tha  I 
body-cavity  throngh  three  openings.  1 

If  this  exjiJanation  is  right,  the  most  anterior  fimdatnent  of  the 


grt,  S,  tjsmtul  iinil  ibitil  tBTroin  1  •!,  Hsmxl  Mp;  inl.  Wulfflu  ducL 

excretory  system  of  the  Chick,  which  was  described  on  page  356  as  | 
pronephros,  must  have  undergone  a  change  in  jKisition,  and,  with  the  f 
appearance  of  the  WolHian  Iwdy,  have  alipjjed  backward  Bomewhiib  i 
along  this  organ.  As  long  as  thiH  alteration  uf  position  in  notj 
demonstrated  by  the  study  of  interme<liate  stages,  the  interpretation^ 
however  probable  it  may  seem  to  uh,  still  lacks  actual  proof. 

As  far  as  regards  the  po8t«rior,  longer  region  of  the  Miilleriati 
dnct,  Skdowick  maintains  that  it  arises  by  being  split  off  from  the 
mesonephric  duct.     One  always  finds,  according  to  his  researchea, 
t.he  pronephric  part  of  the  MUllerian  duct  in  union  at  its  posterior  ■ 
end  with  the  ventral  wiitl  of  the  mesonephric  duct.     He  maintainafl 
that  it  in  enlarged  at  the  expense  of  the  latter  in  somewhat  the  si 
mannei'  as  the  mesonephric  duct  grows  from  in  front  backwards  bym 
ji  proIiforatioH  of  the  outer  gonn-layer.     The  ci-ass  sections  A  and  jS| 
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of  figure    212   exhibit   this  condition.     Figure  B  shows  the  place 

where  the  ventral  wall  of  the  meaonepbric  duct  is  thickenod  into 

a  ridge  {ntd)  by  an  increa^ie  of  the  epithelial  qsWh;    ii[>on  a  cross 

section  (A)    made  farther  forward  the  thickened  part  has  liecome 

detached    <i»    a  cord 

(jnd),    which    stibMe- 

qwently  becomes  still 

more  isolated  and  uc- 

quires  a  cavity  of  its 

own.     The  condition 

recalls    very   clearly 


the 


*ppei 


l(.  au.— Two  HoCiaiu  U  •haw  the  union  of  (h* 

put  of  Uu  aUUniui  diul  wlCli  Ih*  muanEphru  duel 


which  the  cross  set- 
tions  through  embryo 
Selachians  (fig.  209) 
gave. 

Aocoi'diug  to  the 
observations  of  Sedc- 
WIOK,  therefore,   the  Inlrirda^'"  ""      »    i    u  w     u        oiwuho- 

anterira-  end   of  the      -u/,  MuiioriwiJiiDi;  ifJ,  WuimnnJoot. 
Miillciian  duct  would 

be  derived  from  the  pronephros,  but  th(?  posterior  end  by  a  wplitlinf; 
off  of  celLi  from  the  raeaonepliric  duct.  Tlius  an  agreement  with 
the  conditions  in  the  non-amniotic  Vei'tebratcH  would  be  eatablished. 


It  still  dewrvFB  to  Im  especially  mentioned  thai  in  human  eiubryow 
nlxo  the  MiilliTian  ductM  (tig.  213  A  and  li  M.ij.)  during  their 
development  have  their  pouterior  end»  fused  for  a  short  distance  with 
the  meMmepbric  duct  {W.ff.).  Naoel,  to  whom  we  are  indebted  for 
this  fine  observation,  ejipresses  himself,  it  in  true,  agiiiuHt  a  splitting 
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ofT ;  however,  the  similarity  with  the  c-onditions  found  in  the  Chick 
and  the  non-amniotic  Vertebrates  is  not  to  be  denied,  and  has  indeed 
been  emphasised  by  Nagbl. 

(e)  The  Germinal  Epitlielium. 

In  Vertebrates,  at  the  time  when  the  Miillerian  duct  is  established, 
the  first  traces  of  the  sexual  glands  are  also  to  be  recognised.  The 
parent-tissue  of  these  is  likewise  the  epithelium  of  the  body-cavity. 
This  acquires — for  example  in  the  Chick,  which  is  to  serve  as  the 
foundation  for  our  description — a  diflferent  ap|>earance  in  the  various 
regions  of  the  body -cavity  (fig.  210).  In  most  places  the  epithelia  lie- 
come  extraordinarily  flattened  and  assume  the  condition  of  the  perma- 
nent '*  endothelium.''  Also  on  the  mesonephros,  which  projects  into  the 
body-cavity  as  a  thick,  vascular  fold,  the  epithelium  is  for  the  most 
part  greatly  flattened,  but  retains  its  original  condition  (1)  on  its 
latei*al  surface  along  a  tract  (a')  from  which,  as  we  have  previously 
seen,  the  Mullerian  duct  is  formed,  and  (2)  along  a  ti*act  (a)  which 
sti*etchcs  from  in  front  backward  along  the  median  side  of  the 
mesonephros ;  the  signification  of  the  latter  has  been  correctly 
estimated  by  Bornhaupt  and  by  Waldeyeb,  who  have  characterised 
it  as  germinal  epit/ielium.  From  it  are  derived  tfie  gertn-cells :  in  t^u 
female  Ute  primitive  ova,  in  the  male  the  primitive  aeminal  cells.  It  is 
only  in  the  very  earliest  stages  that  it  is  impossible  to  distinguish 
whether  the  germinal  epithelium  will  be  developed  into  testis  or  ovary. 
Differences  soon  appeiir,  which  allow  a  positive  determination.  We 
shall  take  up  first  the  development  of  the  ovaiy,  then  that  of  the 
testis. 

(/)  The  Ovary. 

The  development  of  the  ovary  is  tolerably  well  known  both  in  the 
lower  and  the  higher  Vertebrates,  except  for  a  few  controversial  points. 
I  can  therefore  limit  myself  simply  to  the  presentation  of  the  i-esults 
which  have  ^x^en  accjuired  in  the  case  of  the  Cliick  and  Mammals. 

At  al)out  the  fifth  day  of  incubation  the  germinal  epithelium  in 
the  Chick  increases  a  good  deal  in  thickness,  becoming  two  to  three 
layers  of  wlls  deep.  Certain  elements  in  this  thickening  are  promi- 
nent ;  they  are  distingiiLshable  (fig.  210  C  and  o)  by  their  richness 
in  protophusni  and  by  their  large  round  nuclei.  Because  they  stAnd 
in  the  closest  relation  to  the  development  of  eggs,  they  have  been 
designated  as  jyrimitive  eggs  by  Waldeyer,  who  was  the  first  to 
study  them  in  detail. 
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Beneath  tbe  germinal  epithelium  there  in  to  ]>e  found,  even  at  that 
time,  embryonic  connective  tissue  with  utellate  cells  {£),  whii'h  are 
L  active  state  of  proliferation.  In  this  way  there  arises  on 
the  mediiin  side  of  the  mesonephros  the  ovarian  ridge,  which  is 
oeparated  from  the  urinary  tubules  by  a  small  quantity  of  embryonic 
connective  substance.  , 

Changes  similar  to  those  of  the  Cliiclt  occur  in  MammaU,  with 

this  difference,  that  the  ger-  _     

minal   epitlieliura  apjieara  to 
attain  a  much  greater  thick* 

1  older  stages  of  develop* 
ment  tbe  bounilaries  letween 
tiie  germinal  epithelium,  which 
I  process  of  rapid  prolife- 
ration and  therefoi-e  exhibits 
figures  of  nuclear 
division,  and  the  underlying 
connective  tissue  become  less 
»nd  less  distinct.  This  results 
from  the  simple  fact  that  a 
proCMs  uf  nwiitai  ingrmiiO'. 
Nout  oeow*  bttteeen  the  epithe- 
lium and  tfie  cinbnjonic  eott- 
TKolive  liuvt  (tig.  214).  1 
purposely  say  a  pi-oc«w  of 
mutual  ingrowth,  for  I  leave 
it  undetermined  whether  tbe 
germinal  epithelium  in  con- 
sequence of  its  development 
grows  into  thp  embryonic  con- 
nective tissue  in  tbe  form  of 
I  Gcmla  and  distinct  groups  of  cells,  or  whether  the  connective  tissue 
penetmtex  with  its  projections  into  the  epithelium.  Probably  both 
tiissu«ts  are  actively  engaged  in  the  pi-ocess. 

In  the  phenomenon  of  intergrowth,  which  continue»  for  a  long 
time  during  di^velopment,  two  chief  atngen  am  lie  distinguished. 

At  first  there  arise  from'  the  geruiinal  epithelium  both  slender  and 
Btiout  amis  and  balls  of  i.'ells  (figs.  'J14  and  210),  wliich  have  received 
from  the  name  of  their  discoverer  the  deiognation  I'KLl^iiifK'e  ej/y  lubtt. 
Occasionally  these  ai'e  joined  to  one  another  hy  means  of  lateral 
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branches.  Together  with  the  connective  tissue  separating  them,  they 
form  the  foundation  for  the  cortex  of  the  ovary.  Afterwards  they 
are  covered  over  on  the  side  toward  the  body-cavity  with  a  thick 
continuous  layer  of  connective  tissue,  which  becomes  the  albuginea 
of  the  ovary  ;  they  are  thereby  more  sharply  separated  from  the 
germinal  epithelium  (fig.  216  k,e)f  which  is  still  preserved,  even  after 
this,  as  a  layer  of  cubical  cells  upon  the  albuginea. 

There  are  two  kinds  of  cells  to  be  found  in  the  Pflugerian  egg-tubes : 
follicular  cells  and  priviUive  ova  (fig.  2\5/,z  and  el).  Concerning  the 
source  of  the  foimer  opinions  are  still  contradictory  (compare  p.  382) ; 
according  to  my  view  both  arise  from  the  germinal  epithelium. 

Whereas  the  folHcular  cells  become  by  means  of  an  uninterrupted 
process  of  divL<;ion  more  numerous  and  smaller,  the  primitive  ova 
increase  in  size  continually,  and  their  nuclei  become  very  large  and 
vesicular  and  acquire  a  distinctly  developed  filar  network  (kb).  They 
rarely  lie  singly  in  the  cords  and  balls  of  follicular  cells,  but  ordi- 
narily in  groups,  which  are  designated  as  egg-nests.  One  frequently 
observes  in  the  nest«,  as  has  been  announced  by  Balfour  and  van 
Beneden,  that  several  primitive  ova  become  fused  into  a  common, 
multinucloar  mass  of  protoplasm — a  syncytium.  From  this  there 
is  afterwards  developed  usually  only  a  single  egg.  One  of  the 
numerous  nuclei  soon  outstrips  the  others  in  size  and  becomes  the 
germinative  vesicle,  whereas  the  remaining  ones  undergo  degeneration 
and  are  dissolved.  It  is  not  to  be  concluded  from  these  processes 
that  the  egg,  as  is  occasionally  asserted,  corresponds  to  a  multiple 
of  cells ;  the  condition  is  more  properly  to  be  interpreted  as  follows : 
of  the  eggs  contained  in  a  nest,  one  outstrips  the  others  in  its  growth 
and  thereby  represses  them  and  employs  them,  in  a  certain  sense  as 
nutritive  material,  for  its  own  growth. 

This  is  a  process  that  occurs  very  frequently  in  Invertebrates,  and  in  the 
phylum  ()f  the  Arthropods  has  been  studied  with  the  greatest  detail  by 
Weism  ANN.  In  these  cases — the  lower  Crustacea  and  Insects — one  can  sec  how, 
step  by  step,  out  of  numerous  primitive  ova  which  are  originally  contained  in  a 
germinal  chamber  of  .an  ovariole,  only  one  becomes  the  egg,  whereas  the  others 
from  an  early  period  lag  behind  in  development,  then  undergo  degeneration, 
and  in  the  form  of  products  of  degeneration  are  taken  up  as  yolk-material  into 
the  persisting  egg-cell. 

During  the  enlargement  of  the  egg-cell  the  second  stage  of  the 
process  of  intergrowth  of  epithelium  and  connective  tissue  is  intro- 
duced :  the  stage  of  the  formation  of  the  follicle  (fig.  216).  At  the 
boundary  between  the  medullary  and  cortical  zones  of  the  ovary  the 
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itiirroiindin^'  connective  tiBsiie,  carrying  with  it  the  blood- veBsek, 
groWK  into  the  egg-tubes  of  PflIjobr  (e.scA)  Mnd  the  nest*  (ei.ft),  and 
divider  them  all  into  spLeroidat  bodies,  the  individual  folUcJeH  (/). 
Eftch  such  h-tpuctui-e  contoimt  u  idngle  ovum,  that  is  enveloped  on 
nil  xideH  by  a  liiyer  of  foUicwlar  cells,  Tlie  VHsculiir  connective  tissue 
that  grows  iirouuil  it  becomes  the  follicular  luembriLUC  or  t/iecu 
folUculi. 

The  ivsubiliuii   int'i  follichs  contiuuiiily  ailviiuit-i*  fiiiii]  th('  lUB- 


Pic.tie._Put<ir>uigitMM0Ctimi>fucmrT«tkOblUJa*t1>om  nTur  W     t.  x 
ti.li,  Ict-luJIg  fnaU],  likoMiH  Id  ptooM  at  buini  rwilra'l  iiiln  (dIUcIs  :  /,  ]>"» 


oOm.  tlH  futui 


irl  Cfg.TK 


iu  eiuUiollaiu. 


duUary  aubsttince  toward  the  germinal  epitlielimn ;  howove r,  there 
are  prttterved  wnder  it  for  a  long  tiiFie  Pfliigerian  tubes,  which 
remain  in  connection  with  it  by  meanu  of  narrow  ejtitheliiil  cords 
{tMh)  and  eontain  eggs  in  process  of  development. 

The  foriDation  of  new  Ffliigenan  tubes  and  young  ova  is  a 
process  which  continues  in  the  lower  Vertebrates  thitjughout  life, 
but  in  the  higher  appears  to  l>e  limited  to  the  period  of  embryonic 
development,  or  to  the  first  years  of  life.  In  the  firet  case,  there 
being  au   unlimited  capacity  for  the  formation  of  new  structures, 
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egg-geriu8  are  found,  even  in  the  adult  animal,  sometimes  in  the 
most  widely  separated  parts  of  the  ovary,  sometimes  limited  to 
definite  r£»gions  of  the  gland.  In  the  second  case  the  p(>riod  of 
forming  primitive  ova  in  the  germinal  epithelium  bears  a  direct 
ratio  to  the  total  numl)er  of  ova  eliminaUd  during  the  life  of  the 
individual.  Thus  Waldeyeb  states  concerning  Man  that  in  the 
second  year  after  birth  the  formation  of  new  ova  can  no  longer  be 
hhown. 

Nevertheless  in  Man  the  number  of  ova  contaiuid  in  u  ^dngle 
ovary  is  v<ry  great.  They  have  been  estimated  to  number  in  a 
sexually  mature  girl  36,000.  In  other  Mammals  thv  pi-oduction  of 
new  ova  appears  to  last  longer.  Pfluuer*s  tubes  which  were  still 
connect-ed  with  the  germinal  (pithelium  and  contained  small  pri- 
mordial ova  have  been  observed  even  in  young  animals  (Dog,  Rabbit, 
etc.).  However,  it  has  been  questioned  whether  we  here  have 
really  new  structure's  or  only  primitive  ova  that  in  their  development 
have  remained  stationary.  It  is  maintained  by  van  Beneden  with 
certainty  for  a  few  Mammals,  e.g.,  the  Bat,  that  in  the  sexually 
mature  animal  PflOgeb's  tubes  and  primitive  ova  still  continue  to 
be  pixxiuctd  from  the  germinal  epithelium. 

In  connection  with  the  first  formation  of  the  follicle  I  will  here 
add  some  statements  about  its  further  metamorphosis.  This  is  very 
similar  in  the  diflferent  Vertebrates,  excepting  Mammals. 

In  most  Vertebiiites  the  follicle  (fig.  216  y)  consists  at  first  of  a 
small,  cintrally  located  egg-cell  and  a  single  layer  of  small  follicular 
cells  enveloping  it.  Soon  both  are  more  sharply  si^parated  from 
each  other  l)y  means  of  a  vitelline  membi'ane.  In  older  follicleti 
both  pai-ts  have  inei-eased  in  size.  Tlie  follicular  cells  ordinarily 
grow  out  into  long  cylinders,  and  appear  to  play  an  important  part 
in  the '  nutrition  of  the  egg.  In  many  animals,  e.<j,,  in  Sharks  and 
Dipnoi,  yolk-granules  have  lx*en  found  in  them,  as  in  the  egg  itself, 
and  it  has  been  concluded  from  this,  as  well  tus  from  other  phenomena, 
that  the  follicular  cells  take  up  nutritive  sul)stanco  from  the  vas- 
cular follicular  ca|)sule,  and  piuss  it  along  to  the  egg.  Such  a  method 
of  nut  rition  is  made  easier  by  the  ftict  that  the  vitelline  membrane 
(tig.  5  ;:.;;)  is  travei-sid  by  tubules,  through  which  the  follicular 
cells  {/.z)  send  pix)toplasmic  filaments  to  the  egg.  When  the  egg 
has  attainrd  its  full  size,  the  follicular  cells  lose  tlic'ir  significance  as 
nutritive  organs  and  lKH»nie  more  and  more  fiatU^ninl. 

In  the  lower  Veilebrates  the  mature  ova  are  generally  elimimit^ 
in  great  luimbei's  all  at  once,  frequently  in  the  course  of  a  few  days 
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or  even  hours.  The  dinchnrge  takc-M  pincf  by  the  rupturp  of  the 
connective -titiHue  envelope,  which  cameti  the  ej^gs  to  escape  into  the 
body-cavity,  as  in  the  Pishex  and  most  of  the  Amphihia.  After  the 
elimination,  the  ovary,  which  up  to  this  time  was  extruordiiuirily 
large  and  took  up  iniJKt  of  the  apace  in  the  body-cavity,  shrivels  into 
n  very  small  coi-d  and  now  enctoew  only  the  young  germs  of  ovii, 
pttrt  of  whicJi  are  detitined  to  mature  duriug  the  next  year. 

The  formation  of  the  follicle  takes  placn  in  a  Komewhut  different 
way  in  MamuinU,  The  follicle  oi-iginaily  contains,  ai^inlhe  lemaining 
Vertebnitt'u,  only  a  tdngle  egg  and  a  single  layer  of  follicular  celiti, 
which  are  at  fin<t  flat,  then  cubical,  then  cylindrical  (fig.  216/). 
For  a  long  time  these  fella  envelop  the  egg  as  a  single  layer,  but 
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they  then  grow,  undergo  division,  and  are  converted  into  a 
envelope  of  many  layers.  Hut  the  difference  from  the  course  of 
development  Ueecrihed  aliove  becomes  BtilJ  greater,  owing  to  the  fact 
that  a  fluid,  the  liquor  folliculi,  is  secreted  by  the  proliferated 
follicular  cells,  and  collects  in  a  smaU  cavity  at  the  side  of  the  egg 
(fig.  217^/-). 

In  constquence  of  a  considerable  increase  of  the  lluid,  the  originally 
Nolid  follicle  k'comes  convertid  finally  into  a  large  or  small  vesicle 
(fig,  317  B),  which  was  discovered  more  than  two  himdred  years  ago 
by  the  Hollander  liiuiHiER  UB  Ukaaf  and  wan  held  to  he  the 
human  ovum.  The  structurf  has  alao  bin  named  ofti-r  him  the 
Graafian  foiliek.  Huch  a  follicle  (lig.  217  B)  now  consists  of  (I)  an 
outer  connurtive- tissue,  vascular  envelope  (fk),  the  thtca  folliculi; 
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(2)  lying  on  its  inner  surface,  an  epithelium  composed  of  many  layers 
of  small  follicular  cells  {fz)y  the  membrana  granulosa ;  (3)  the  liquor 
folliculi  (ff) ;  and  (4)  the  ovum  (ei),  which  originally  lay  in  the  centre 
of  the  follicle,  but  which  has  now  been  ci'owded  to  the  periphery. 
Here,  enveloped  in  a  great  mass  of  follicular  cells  {fi^)^  it  causes  an 
elevation  of  the  wall, — ths  diacua  proUgertu, — which  protrudes  into 
the  cavity. 

When  the  egg  has  reached  complete  maturity  its  elimination 
occurs  by  a  collapse  of  the  Graafian  follicle,  which  has  then  at- 
tained in  Man  a  diameter  of  about  5  mm.  and  causes  an  elevation 
at  the  surface  of  the  ovary.  The  liquid  of  the  follicle  flows  out 
through  the  rupture  and  at  the  same  time  carries  away  with  it 
from  the  discus  proligerus  the  egg,  which  comes  first  into  the  body- 
cavity,  being  surrounded  by  a  small  number  of  follicular  cells,  which 
still  cling  to  the  zona  pellucida  (fig.  5).  The  egg  is  then  taken  up 
by  the  oviduct. 

Into  the  cavity  of  the  follicle  pi*oduced  by  the  flowing  out  of  the 
liquid  an  effusion  of  blood  takes  place  from  the  ruptured  blood-vessels 
in  the  vicinity.  The  blood  coagulates,  and,  accompanied  by  a  prolifera- 
tion of  the  adjacent  tissue,  is  converted  into  the  yeUow  body,  or  corpus 
luteum,  which  Ls  a  characteristic  structure  of  the  ovary  of  Vertebrates. 
Both  the  follicular  cells  (membrana  granulosa)  which  are  left  behind 
and  the  connective -tissue  follicular  capsule  participate  in  this  pro- 
liferation. The  follicular  cells  continue  to  multiply,  penetrate  into 
the  interior  of  the  coagulum,  and  after  a  time  begin  to  undergo 
degeneration  and  to  be  dissolved  into  a  granular  mass.  Vajscular 
outgrowths  from  the  capsule  penetrate  into  the  yellow  body,  and 
at  the  same  time  there  is  an  extensive  emigration  of  white  blood- 
corpuscles  or  leucocytes,  which  likewise  undergo  fatty  and  granular 
degeneration  at  a  later  period. 

It  is  of  great  impoi-tance  for  the  fiulher  development  of  the  yellow 
body  whether  the  egg  set  free  is  fertilised  or  remains  unfertilised. 
For  according  us  the  one  or  the  other  event  supervenes,  the  corpus 
luteum  is  distinguished  an  true  or  false.  In  the  first  case  it  acquires 
a  much  greater  size,  the  maximum  of  which  is  reached  in  the  fourth 
month  of  pregnancy.  It  then  appears  as  a  fleshy  reddish  mass. 
Aft^r  the  fourth  month  a  pi*oce*«  of  degeneration  begins.  The 
products  of  degeneration,  which  have  resulted  fi*om  the  granular 
metamorphosis  of  the  follicular  cells  and  leucocytes,  as  well  as  from 
the  coagulum  of  blood,  are  absc)rl)ed  by  the  blood-vessels.  Out  of  the 
decomposed  coloring  matter  of  the  blood  there  have  arisen  hema- 
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toidin  crystals,  which  now  givo  to  the  body  an  orange-red  color.  The 
oonneclive  tissue,  oi-igiiially  with  an  nbimdaiici,'  of  cells,  begins  to 
ehrivel,  as  in  the  fui-iiiation  of  a  scnr;  an  a  iiHult  of  these  vnriona 
processes  of  degeneration  the  yellow  body,  which  project*  beyond  the 
surface  of  the  ovary,  be^nx  to  become  considerably  smaller,  and  is 
llnaUy  converted  into  a  linu  connective-tissue  callus,  which  canscs 
n  drawing  in  at  the  surface  of  the  organ. 

When  fertilisation  has  not  occurred,  the  same  raetamorphoKis 
and  prowases  of  growth  it  is  true  take  place,  hut  the  false  corpns 
lutflum  remains  veiy  much  smaller.  This  in  pioliably  due  to 
the  fact  that  the  aSltut  of  blood  to  the  sexual  organs  is  very  much 
less  when   there  is  no  fertilisation  than   in  case  pivgnaooy  tnkea 

In  addition  to  the  tubes  of  Fpluoeb, — which  arise  from  the 
germinal  epithelium  and  produce  the  primitive  ova, — in  mc«t  classes 
of  Vertebratee  epithflinl  eordt  of  another  kind  ami  unolher  origin  • 
enter  iiUo  the  cotHpotilUrn  of  llie  ovary.  As  has  be«'n  observed  by 
various  persons  in  Amphibia,  Reptiles,  Birds,  and  Mammals,  there 
grow  out  from  the  Wolffian  body,  which  lies  in  the  immediate 
vicinity,  rpithelial  slioota,  the  "  aexwil  eordt  of  l/ie  primitive  kidney" 
and  these  penetrati-  toward  the  developing  ovary  even  ns  early  as 
the  beginning  of  the  intergrowth  between  germinal  epithelium  and 
connective  tissue.  They  arise  from  the  epithelium  of  the  Mulpighian 
oorpiiscles,  as  Braun  has  shown  for  Replile«,  Hufthann  for  Ampliibia, 
and  Semon  for  Birds.  In  Mammals,  in  which  at  present  their  sub- 
sequent fate  has  bi^n  most  accurately  traced  out,  they  then  imite 
with  one  another  into  a  network  at  the  base  of  the  fundament  of 
the  ovary,  whieh  protrudes  as  a  ridgu  into  the  body-cavity,  and, 
pursuing  tortuous  courses,  grow  into  L-ontact  with  the  tubee  of 
PpttloBB.  Whereas  in  Mammals  the  cortei  of  the  ovary  is  de- 
veloped out  of  the  latter,  the  former  share  in  the  composition  of 
ikii'  future  medullary  substance,  and  are  on  that  account  designattd 
as  viedtiSitry  enr<l».  In  the  vicinity  of  the  follicle  they  remain  solid, 
whereas  the  part  near  the  primitive  kidney  acijuircs  a  cavity  which 
is  surroiindi'd  by  cylindrical  cells. 

The  medullary  eords  exhibit  in  different  species  of  Mammab 
different  degrees  of  development,  as  the  comparative  investigations  of 
Harz  have  establish iii.  In  some  animals,  e.g.,  m  the  Pig  and  Sheep, 
they  reach  only  to  the  base  of  the  ovary,  and  therefore  remain  sepa- 
rated from  the  tubcn  of  FPLiJOER  by  a  wide  space ;  in  others  they 
grow  out  into  the  vicinity  of  the  latter,  and  in  part  apply  ihemselves 
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closely   to  them   (Cat,  Guinea-pig,  Mouse,  etc.),  and  take  a  very 
prominent  part  in  the  compoHition  of  the  medullary  suhfltance. 

There  are  two  antagonistic  views  relative  to  the  significcmee  of  the 
sexual  cords  of  t/ie  primitive  kidney^  or  the  medtdlary  cords,  in  the 
forjnalion  of  ova.  According  to  Kt^LURER  and  Rouget  the  medullary 
cords  early  fuse  with  the  tuhes  of  PflDgeb  and  furnish  to  them  the 
cells  which  hecome  the  follicular  epithelium.  The  cells  contained  in  a 
follicle  would,  according  to  this,  come  from  two  sources — the  follicular 
cells  would  arise  from  the  primitive  kidney,  the  eggs  from  the  ger- 
minal epithelium.  Most  embryologists  dispute  this.  According  to 
their  observations  the  medullary  cords  only  exceptionally  eictend  close 
up  to  a  follicle,  in  many  Mammals  they  do  not  reach  it  at  all ; 
consequently  not  only  the  primitive  ova  but  also  the  acoompan3ring 
follicular  cells  must  be  furnished  by  the  germinal  epithelium.  I  also 
favor  the  latter  view,  which  appears  to  me  to  be  best  supported  by 
the  facts.  But  what  significance  the  medullary  cords  have  will  be 
better  understood  when  we  have  become  acquainted  with  the  develop- 
ment of  the  tastis,  to  which  we  shall  now  proceed. 

{g)  The  Testis, 

I  will  at  once  state  that  our  knowledge  of  the  development  of  the 
testis  is  less  complete  than  that  of  the  development  of  the  ovary. 

The  conditions  appear  to  me  to  be  the  clearest  in  the  rum-amnioiic 
Vertebrata.  We  possess  here  the  pioneer  researches  of  Semper  and 
Balfour  on  the  Selachians,  and  of  Hoffmann  on  Amphibia.  All 
these  investigators  have,  with  one  accord,  come  to  the  conclusion 
that  the  male  sexual  products,  as  well  as  the  female,  arise  from  the 
germinal  epithelium  of  the  body-cavity.  In  males  also  there  is  to 
be  recognised  in  the  region  of  the  primitive  kidney  a  special  thickened 
band  of  tall  epithelial  cells,  in  which  are  imbedded  larger  cells  with 
vesicular  nuclei,  the  primitive  spermatic  cells.  In  the  Sharks,  the 
conditions  of  which  I  shall  make  the  basis  of  the  further  description, 
they  form  irregular  cords  of  oeUs,  the  "  Vorkeimketten  "  of  Semper 
(fig.  218-4).  Out  of  these  are  developed  small,  spherical,  foUicular- 
like  bodies  (fig.  218  J?),  by  the  ingrowth  of  surrounding  connective 
tissue  into  the  cords,  which  are  thereby  divided  up. 

Thus  far,  therefore,  complete  agreement  exist-s  in  the  development 
of  both  kinds  of  sexual  products.  But  whereas  in  the  case  of  the 
ovary  one  cell  in  each  follicle  increases  in  size  and  is  converted  into 
the  ovum,  a  like  process  does  not  take  place  in  the  male ;  here  the 
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falliole-lilce  striictureK  brconie  hollow  nod  thiia  coiivertrd  into  gemtiial 
ampaUir,  whoHe  epitbeliul  cellsgrtidually  grow  out  into  long  (ylinilcn). 
The  gi-eiLter  part  of  tbene  Ixwome  jwniinal  nioth('i--wlb*,  which  by 
muny  rapeiited  ihviiiionK  ai-e  ronvert«(l  into  fixsij  seminal  cello,  each 
of  which  is  mi-'tamorpbosed  into  a  aeminal  filnment.  Since  the 
filaments  d<;riv(Ml  from  eatli 
ttcminol  mother-cell  always 
Brmnge  themitelvea  pnrnllel 
to  one  another,  it  is  easily 
understood  why  l>efore  the 
attainment  of  complete 
mnturity  tho  seminal  fila- 
ments at'e  found  united  iu 
great  numbers  in  tobundles. 
Whereas  Uie  letlU,  like 
tke  iroary,  draws  its  gpecijiti 
kvtltilogital  comjHmentt  di- 
Ttetty  Jrom  the  genuinai 
epithtlium,  it  acquires  it» 
tfferent  ducts  from  the 
primitive  kid-ney.  As  in 
the  female,  ho  alMi  in  the 
male,  epithelial  shoots',  the 
sexual  cords  (genital  canals 
of  Hoffmann),  grow  from 
the  primitive  kidney  to- 
ward the  testis ;  in  the 
Amphibia  they  arise  as 
proliFemtions  from  the 
cells  of  the  wall  of  certain 
Holpighian  corpuscles ;  in 
the  Selachianit,  on  the  con- 
trary, they  sprout  out  in  a 
somewhat  different  manner 
from    the  ciliate    funnels. 

Arrived  at  the  base  of  the  testicular  ridge,  they  are  joineil  together 
into  a  longitudinal  canal,  from  which  fine  tubulee  are  neut  still 
farther  iiito  the  substance  of  the  testis,  where  they  unite  with  the 
I  Btmcturcs  that  take  their  origin  in  the  germinal  epithelium.  As 
figure  218  B  shows,  the  efferent  tubules  (*e)  in  Selachians  at 
first  apply  their  blind  ends  lo  the  iimpuUie,  and  enter  into  open 
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commiinicAtion  with  them,  but  only  after  the  maturation  of  the 
seminal  filaments  begins. 

Many  differences  of  opinion  still  prevail  concerning  the  development 
of  the  testis  in  the  higher  Vertebrates.  It  is  true  that  the  presence  of 
a  germinal  epithelium  upon  the  surface  of  the  mesonephros  has  also 
been  established  in  this  case  by  Waldeykr  for  the  male,  but  its 
participation  in  the  fundament  of  the  testis  has  been  called  in 
question.  According  to  the  original  account  of  Waldeyer,  which 
is  still  defended  by  many  investigators,  especially  by  KOlliker,  the 
seminal  tubules  are  morphological  products  of  the  primitive  kidney. 
However,  more  recent  researches,  which  it  must  be  admitted  do  not 
yet  harmonise  with  one  another  in  all  points,  indicate  that  the 
development  of  the  testis  of  Reptiles,  Birds,  and  Mammals  agrees 
with  that  of  non-amniotic  Vertebrates  in  the  main  outlines.  In 
continuation  of  the  work  of  Bornhaupt  and  EoLi,  who  it  is  true 
worked  with  incomplete  methods  of  investigation,  Braun  has  recently 
maintained  for  Reptiles,  Semon  for  the  Chick,  Mihalkovics  and 
Janosik  for  the  latter  and  for  Mammals,  that  in  the  male  also  the 
germinal  epithelium  begins  to  proliferate,  penetrates  into  the  depths 
of  the  testis,  and  furnishes  the  primitive  seminal  cells.  The  tubules, 
which  according  to  KOllikkr  and  Waldeyer  grow  into  the  funda- 
ment of  the  testis  from  the  primitive  kidney, — the  sexual  cords, — 
serve  only  for  carrying  away  the  semen.  As  stated  by  Braun  for 
Reptiles,  and  by  Semon  for  the  Chick,  they  sprout  out  from  the 
epithelium  of  Malpighian  corpuscles,  as  in  the  case  of  the  Amphibia. 

Although  according  to  these  accounts  the  double  origin  of  the 
svhstanoe  of  the  testis^  on  the  one  hand  from  the  germinal  epithelium^ 
on  tlie  other  from  the  primitive  kidney^  can  no  longer  be  well 
ctvlled  in  question,  nevertheless  in  the  details  many  conditions, 
which  are  still  differently  descrilx>d  in  the  higher  Vertebrates, 
demand  renewed  investigation.  Before  all  else  this  point  should  be 
still  further  exphiined  :  In  what  proi)ortion  do  the  epithelial  cells 
furnished  by  the  germinal  epithelium  and  those  by  the  primitive 
kidney  share  in  the  formation  of  the  testicular  substance  ?  Are  the 
tubules  which  produce  the  semen  fornunl  exclusively  from  germinal 
epithelium,  or  is  it  only  the  seminal  mother-cells  which  have  this 
origin,  while  there  ai*e  associated  with  the  latter  indifferent  cells  from 
the  "  sexual  cords  of  the  primitive  kidney  "  ? 

I  hold  it  to  \>o  the  more  probable  that  the  tubules  producing  theeemen^ 
the  tvhidi  seminiferi,  are  derived  from  the  germinal  ejyithelium;  the  tubuU 
recti  and  the  rete  teetia^  on  t/ie  contrary ,  from  tlie  primitive  kidney. 
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yAOEL  has  studied  thcdevelopiueDt  of  the  testis  in  human  cmbrioH.  Accord- 
I  ing  to  his  description  aiao,  there  arise  from  the  activel;  prolifHrating  ^ormiiutl 
f  epitheliQiQ  niunerOQacorda.in  which  large  primitivenepjinBlceUHiire  Imbedded. 
I  The  cords  afterwanls  become  the  Remionl  tnholea.  In  Man  there  prevMIs  from 
I  the  b^iDoiti^,  as  Nagbl  remcirkg.  auch  ii  great  difference  between  the  twi> 
u,  both  in  the  form  of  the  original  germinal  ridge  and  in  the  whole  process 
ia  diSerentiatiDn.  thut  one  coo  recogniHe  in  the  anatomical  Btmctnre  ol  the 
Bexaal  glands  from  a  very  earl;  stage  whether  one  ha«  before  him  a  mtklo 
or  a  female. 


(A)   MeUinwrji/toma  •■/  the  Differtnt   Fitiulamants  of  the.    ('riii/enitnl 
Sytltm   into   Ute   Aihdt    CoiulUion, 

We  have  become  acquainted  in  the  preceding  pages  with  the  fii-at 
development  of  the  vinioUH  parts  which  constitute  the  foundations  of 
the  urogenital  xystcin,  Theae  are  (fig.  31!))  three  pairs  of  canals 
—the  mesonephi-ic  iluclii  {ug),  the  Miillerian  duct«  (mg),  and  the 
ureters  [hi) — and  in  addition  a  great  number  of  glandular  structureH 
— proDephroti,  tne«onephi-os  (»n),  metanephron  (n),  and  the  sesiial 
glandn  (,kd),  ovary  and  testis. 

It  will  be  my  task  in  what  follows  to  indicate  how  the  ultimate 
condition  is  ileriverl  from  the^e  embryonic  fiinilamcnta.  In  this  1 
tifaall  limit  myself,  tn  the  main,  to  Man,  because  we  now  have  to  do 
with  more  ea.'iily  invostigiited,  and  in  general  well-known  conditions. 

In  a  human  embryo  eight  weeks  old  (iig.  220)  the  fundaments, 
if  we  neglect  differences  which  are  recognisable  only  by  the  aid 
of  the  microscope,  are  bo  similar  in  male  and  female  as  to  be 
itulistingu  ish  able . 

All  the  glands  lie  at  the  sides  of  the  lumbar  vertebne :  farthest 
forward  the  kidney  («),  which  is  a  small  bean-shaped  body ;  upon 
this  lies  the  suprarenal  body  (n«),  that  at  Ihis  time  is  dispropor- 
tionately large  and  in  to  be  seen  only  on  the  left  half  of  the  figure. 

Somewhat  lateral  to  the  kidney  one  seps  the  primitive  kidney  (un) 
as  an  elongated,  narrow  tract  of  tissue.  It  is  attached  to  the  wall 
of  the  trunk  by  a  connective-tissue  lamella,  a  fold  of  the  peritoneum, 
the  iio-called  mesentery  of  the  primitive  kidney.  In  the  middle  of 
the  gland  it  is  rather  broad,  but  above,  toward  the  diaphragm,  it 
is  elongated  into  a  nai-row  band,  which  KUlliker  has  described  ns 
the  dittphraipnatic  ligantent  of  the  primitive  kidney.  Upon  carefrd 
examination  one  also  observes  at  the  lower  end  of  the  primitive 
kidney  a  second  fold  of  the  peritoneum,  which  runs  from  it  to  the 
inguinal  region  (figs.  219  and  220  gh).  It  encloses  a  firm  strand 
of  connective  tissue,  a  kind  of  ligament,  that  is  destined  to  piny  a 
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part  in  the  development  of  the  female  and  male  sexual  organs — the 
inyuiiud  ligament  of  the  primitive  kidn^iij.  It  subsequently  becomes 
in  man  the  gubemciculum  IlujUeri,  in  woman  the  round  liyametit  of 
the  uterus  (ligameutum  teres  uteri). 

On  the  median  side  of  the  primitive  kidney  is  found  either  the 

testis  or  the  ovary  (kd), 
according  to  the  sex  of 
the  embryo,  both  sexual 
organs  still  being  at  this 
time  small  oval  bodies. 
They  also  possess  me- 
senteries of  theii*  own, 
a  mesorchium  or  meao' 
varium,  by  means  of 
which  they  are  con- 
nected with  the  root  of 
the  primitive  kidney. 
As  long  as  the  sexual 
organs  retain  their  posi- 
tions on  each  side  of 
the  lumbar  vertebne, 
the  blood-vessels  that 
supply  them  run  in  an 
exactly  transverse  direc- 
tion :  the  arteria  sper- 
matica  from  the  aorta 
to  the  ovary  or  the 
testis,  the  vena  sperma- 
tica  from  the  gland  to 
the  vena  cava  inferior. 

Tlie  various  efferent 
ducts  lie  at  (his  time 
close  together  at  the 
margin  of  the  mesone- 
phric  fold  (fig.  219),  the 
most  anterior  [ventral]  being  the  Miillerian  duct  (mg).  Farther  back- 
wards toward  the  pelvis  the  ducts  of  Iwth  sides  approach  the  median 
plane  (fig.  219),  whereby  t\w  Miillerian  duct  (mg)  comes  to  lie  for  a 
certain  distance  on  the  median  side  of  and  then  behind  [dorsal  of] 
the  mesonephric  duct  (ug),  so  that  altogether  it  describes  around  the 
latter  a  kind  of  spiral  course.     When  they  reach  the  lesser  pelvis, 


Fif.  819.— DUgnun  of  the  indifferent  ftmcUunent  of  the 
urogenital  ■ystem  of  a  yammal  at  an  early  stage. 

n,  Kidney;  l-d,  sexual  gland;  un,  priniitivo  kidney;  up, 
nierioncpliric  duct ;  mff,  Muilorian  duct ;  nij^,  ita  an- 
terii>r  end  ;  t/h,  gnbomacnlnm  Ilunteri  (me8one])hrlc 
ingtiinal  lignniont);  hi,  ureter;  hC,  iUi  oj>ening  into 
the  urinary  bladder ;  ut/',  mff",  ojionings  of  the  nieeone- 
l)hric  and  Miillerian  ductn  into  the  sinus  urogenitalis 
(»uff) ;  hid,  rectum  ;  et,  cloaca  ;  gho,  sexual  eminence  ; 
ffip,  sextial  ridKes ;  cl',  external  orifice  of  the  cloaca ; 
hbl,  urinary  blatlder ;  hW,  ita  elongation  into  the 
urachus  (the  future  lig.  vesico-nmbilicale). 
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the  four  ducts  fire  united  behind  the  hWder  ^tbl)  into  ii  fascicle,  the 
genital  card  ;  this  union  is  duo  to  thpir  becoming  fluirounded  by  thu 
umbilical  artoriea — which  have  at  thiw  timi'  ultiinLit  ;i  lui'j;'- sikp,  aud 
which  run  from  the  aorta  on  both 
HJdi'H  of  the  bladder  up  to  the 
umbilicuH — and  to  their  being,  as 
it  were,  tied  up  into  a  bundle  by 
them.  In  a  cross  section  through 
the  genital  cord  (lig.  228}  we  find 
the  meHonephric  duct^  {vg)  some- 
what more  anterior  [ventral]  aud 
at  the  same  time  farther  apart 
than  iho  Miillerian  ducts  (juj), 
which  are  a  little  behind  them 
and  preeaed  quite  close  togethei 
in  the  median  plane. 

In  older  embryos  there  arise  __ 

in  the  evolution  of  the  urogenital  ■».  "istt  rapnmmai  b^y ;  un,  prinjiuro 
Bystem   differences   between   the  Snt^^*,  ai^."^J  di.^tV.'Tm^t','.^ 

two  Bexea  which  are  visible  even  iigmunt  {gnbomacnlom  Hmileri  ot  liga. 

externally    and    which    become  n'lwWtr^'w',  i^i'^d, '"'  "°"""" 

more    diatinct    fram    month    to 

month.  Tiiese  result  from  funiJamental  metumorphoBi's,  wliich  the 
whole  apparatus  continually  undergoes  in  its  separate  parts.  In 
connection  with  this  bouu'  originally  quite  large  fundaments  undergo 
almost  complete  degenenitiou ;  of  those  which  remain  some  arc 
serviceable  only  in  the  female,  othei-s  only  in  the  male  ;  when  not 
employed,  they  disappear.  Moreover  the  conditiooH  which  were 
referred  to  at  the  beginning  of  the  description  are  exteiiuively  altered 
by  the  fact  that  the  sexual  organs  surrender  their  original  position, 
on  either  side  of  the  lumbar  vertebric,  and  move  farther  downward . 
into  the  pelvic  cavity. 

I  deecribe  lu'st  the  changes  in  the  malo,  then  those  in  the  female. 


«[,  110— OrlBuy  asd 

mbrjii  B  WHki 


(A)  The  Metamo}y>ho6 


I  the  Male.     Deeeeitmu  katiciiiorum. 


Whereas  the  testis  (figs.  221  and  223}  by  conglomeration  of  the 
wminal  tubules  becomes  a  bulky  organ  (A},  the  mesonephrcis  (nh+pa) 
is  retarded  in  its  development  more  and  more,  and  is  at  the  same 
time  dift'erently  metamorphosed  in  its  anterior  and  its  posteHoi' 
poi-tions.     The  anterior  or  aejrtiul  part  !•/  the  primHii-K  kiihiri/  (tiA), 
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which  has  come  into  communicfttion  with  the  fteminnl  tubules  by 
meant!  of  indi\id«al  cnnftla,  in  the  mnnncr  preriouHly  deneribed,  and 
h(i8  thereby  fumifihod  the  ret«  twtis  and  the  tubiili  recti,  in  converted 
iiiti)  tlie  lieiid  of  the  opididymin.  It  exhibits  in  the  tenth  to  tl)e 
twelfth  week  from  ten  to  twenty  short  transverse  canals,  which  are 
now  to  be  defdgnated  ax  vaaa  offerentia  testis.  They  unit*  in  the 
mesonephric  duct  (fig.  222),  which  continual  to  have  a  straight 
course,  and  has  now  become  thr  seminal  duct  {si,  vas  deferens). 
During  the  fourth  and  fifth  months  the  individual  canals  b^n  to 
grow  in  length  and  thereby  to  become  tortuous.  The  vasa  efferentja 
in  this  way  produce  the  ooni  vascnloei, 
which  are  at  once  the  initial  part  of 
the  vas  deferens  and  the  tail  of  the 
epididymis. 

luddcDtall;  let  it  be  eUt«d  that  oflsr  the 
citemal  opeauig  of  the  vai  detereni,  ae  it 
pasBea  aloijf;  the  pafiterior  Borface  of  the 
bliulder,  there  ariacs  in  the  third  month  a 
small  cvsgi  nation,  which  bocomca  the  wminal 
vetdclc  (niO- 

The  posterior  region  of  the  primitive 

kidney  (pa)  degenerates  into  very  in- 

Bignificant  remnants.   In  older  embrj'os 

id]'iui(<Hiiiai]i*rt     one  still  finds  for  a  time,  between  vas 

r«»didimi«'''*('renin™i'*uf'  ii«     deferens    and    testis,    small,    tortuous 

i>riiniti>okidnry);ri,vi.dofor,)n»     canalfi.  Usually  blind  at  both  ends,  be- 

$'''^«™iu-''biimita'rf  oonMctfve     tween  which  degenerated  Malpighian 

li-i".  corpuscl(«  also  occur.     The  whole  forms 

a  small  yellow  body.    In  the  adult  these 

rt'mnants  arc  still  further  reduced ;  they  produce  on  the  one  hand 

the  veufi  aberranlut  of  tfie  epididyviia,  and  on  the  other  the  organ 

di.scovercd    by   OiUALDfas,   the  paradidymit.      The    latter  consislA, 

according  to  IIeni^'s  description,  of  a  small  number  of  flat,  white 

bodies,  lying  in  contact  with  the  blood-vessels  of  the  seminal  cord, 

each  of  which  is  a  knotti'd  tubule  blind  at  both  ends;  each  tubule  is 

lined  with  an  epithelium  containing  fat,  and  is  enlarged  at  its  blind 

ends  into  irregularly  lobed  vesicles. 

The  Miitlerinn  duct*  (fig.  222  mg)  do  not  acquire  in  the  male  any 
function,  and  therefore,  as  useless  structures,  undergo  degeneration ; 
the  middle  r^on  in  fact  usually  disappears  without  leaving  a  trace 
although  it  has  been  for  a  time  during  embryonic  life  demonsttable  as 
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an  epittieliuil  cord.  GAaaeR  indeed  obtierved  a  radimentary  canal  of 
considerable  extent  at  the  side  of  the  vas  deferens  in  a  recently  bom 
male  child.  Certain 
rudlmontB  of  the  ter- 
minal portions,  on 
the  contrary,  are  pre- 
served even  in  the 
adult  Individ uul,  find 
in  deecriptive  anato- 
mies are  called  utertts 
mateulinus  (uin)  and 
non-stalked  hydatids 
o/theepidid!/mU(h!/). 
The  posterior  ter- 
minal parts  of  the 
two  Miillerian  duett, 
which  lie  close  to- 
gether enclosed  in 
the  genital  cord,  are 
modified  into  the 
uterus  maacuZiiias 
{mi).  Owiug  to  tlio 
disappearance  of  tliG 
partition  Heparatinj^ 
them,  they  are  uniti'd 
into  a  «iugle  small 
tHC,  which  is  sitUHtfd 
between  the  opening.s 
of  the  two  vaj^a  de- 
ferentia  at  the  pro- 
stata and  therefore 
Btill  bearn  thi-  name 
of  tUDUS  pR»;taticuH. 
ExtmordinarUy  in- 
oonapicuous  in  Man, 
it  acquires  in  many 
Mammals,  in  Cai'iu- 
vores  and  Ruminants.  »furiL«d™ 

(WebSu),  a  coiiAiderable  Hi/.e,  and  \n 
into  a  vaginal  and  a  uterine  part. 

to  tho  vagina  (ToURNEUX). 


Fig.  Ill,-Dla«ruii 


V  dotted  III 


Klduaj;  h,  IaUb;  nA,  epuLidymia;  p 
HUEIiriiui  duels :  sk,  gubemiuuliuu  Uunleri  ; 


jarjulidTmu  ;  hy, 

i ;  M^,  dogBunviod 

it  th* 


ncinu-r  bUddcr :  AbT.itsui 
aUlurii. 


Etonul  onflcv  ui  Uw  ductiB 


liHercntiated,  as  in  the  female. 
In  Uan  it  corresponds  chiefly 
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The  noti-ttaiixd  hydatid  {hy)  is  developed  out  of  the  other  end 
of  the  Mulleri&n  duct.  It  is  a  small  vesicle  that  reeU  upon  the 
epididymis,  is  lined  with  clUate  cylindrical  epithelium,  and  is  continued 
into  a  small,  likewise  ciliate  canal.  At  one  place  it  poaseases  a  funnel- 
shaped  opening,  which  has  been  compared  by  Waldkseb  to  the 
pavihon  of  a  Fallopian  tube  in  miniature. 

In  order  to  complete  the  account  of  the  development  of  the  sexual 
organs,  there  still  remain  to  be  mentioned  the  imporUuii  ehangea 
f  potitwn  which  the  testis  together  with  the  attached  rudiments 
undergoes.  Since  early  times,  these  have  been  embraced  under  the 
name  of  deaceneiu  tenticulorum. 

Originally  the  testes  (fig.  222  A)  lie,  as  previously  stated,  in  the 
peritoneal  cavity  at 
the  side  of  the  lumbar 
vertebrw.  In  the 
third  month  we  find 
them  already  in  the 
greater  (false)  pelvix, 
in  the  fifth  and  tuxth 
on  the  inner  ^de  of 
the  anterior  wall  of 
the  abdomen  close  to 
the  inner  abdominal 
ring  (tig.  223).  In 
uonHoquencc  of  these 
changes  the  nourish- 
ing blood  -  venfeltt, 
which  at  first  ran  transversely,  have  altered  tliuir  dii-ectton  and  now 
pass  obliquely  from  below  upward,  becauMe  their  original  place  of 
attachment  to  the  abdominal  aorta  and  the  inferior  vena  cava 
remains  the  same.     How  is  the  migration  to  }ye  explained  1 

I  liavo  iilready  mentioned  the  inguinal  ligament,  or  the  gubema- 
culum  Huntcri  (fig.  222  and  223  gh),  which  puts  the  primitive 
kidney,  or,  when  this  has  disappeared,  the  te-stis,  into  connection  with 
the  inguinal  r^on.  This  ligament  has  in  the  meantime  become  a 
strong  connective>tissuo  cord,  in  which  non-striate  muscles  also  lie. 
Its  upper  end  is  attached  to  the  head  of  the  epididymis  (nA) ;  its 
lower  end  trnvcrses  the  aMominal  wall  t«  be  inserted  into  the 
corium  of  the  inguinal  region.  Appannitly  this  gulHrnaculum  plays 
a  part  in  the  migration  of  the  sexual  organs.  Formerly  it  was  be- 
lieved that  it  exercised  a  traction  upon  the  testis,  in  which  connection 
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attention  won  tlirected  to  the  non-striate  muKcIe-libres  oontaiaed  in 
it,  or  a  uhorteniog  of  the  connective- tissue  cord  by  gradual  tfhiinkage 
w&s  asflumed.  ijiit  il  is  impoesible  for  this  very  important  change 
in  position  to  havo  taken  place  in  that  manner.  One  therefore 
rightly  seeks  to  explain  the  agency  of  the  ligament  in  another  way, 
without  assuming  an  itctive  whortening  or  a  traction  exerelued  by 
muscular  action.  We  have  to  do  here  uimply  with  proceesea  of 
unequal  gi-owth.  When,  out  of  severtt!  organs  origiuaUy  lying  bettide 
one  another  in  the  same  region  of  the  body,  certain  ones  in  later 
months  of  embryonic  life  increase  in  size  less,  while  others,  on  the 
contrary,  grow  extraordinarily  in  length,  the  natural  consequence  is 
that  the  more  rapidly  growing  parts  are  shoveil  past  thotje  that  grow 
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more  slowly.  If,  now,  in  the  present  case  the  skeletal  |)art6  and 
their  accomjianying  muscles  in  the  lumbar  and  pelvic  regions  become 
elongated,  while  the  Hunterian  ligament  does  not  gi-ow  and  there- 
fore remaind  short,  the  latter  nefeasarily — because  one  of  its  ends 
is  attached  to  the  skin  of  the  inguinal  region  and  the  other  to  the 
testis— dill ws  down  the  testis  as  the  movable  part ;  it  draws  the 
testis  at  first  gradually  into  the  cavity  of  the  false  pelvis,  and  finally, 
when  the  other  parts  have  become  still  larger,  when  at  the  same 
time  the  abdominal  tviiU  has  become  much  thicker,  into  the  vicinity 
of  the  inner  abdominal  ring  (lig.  2S3). 

The  U-nlie  migrates  still  farther  in  consequeni»  of  a  second  process, 
wbioh  ttegins  even  in  thu  second  mouth.  For  there  is  formed  at  tlie 
phico  where  Huntce's  ligament  travei'ses  the  wall  of  the  abdomen 
an  evagiiialiou  of  the  peritoneum,  the  procisauv  txnjittalU  i>eriComi 
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(fig.  224  A).  This  gradually  penetrates  the  abdominal  wall  and 
enters  into  a  fold  of  the  skin,  which  is  developed  in  the  pubic  region, 
as  will  be  shown  in  a  subsequent  section  (see  fig.  231  gw).  The 
opening  of  the  hernia-like  evagination,  which  leads  into  the  body- 
cavity,  is  called  the  inner  inguinal  [abdomincU]  ring  {Ir) ;  the  portion 
which  traverses  the  musculature  of  the  abdominal  wall,  the  inguinal 
canvd)  and  the  blind  end  which  is  expanded  within  the  dermal  fold, 
the  8crot%ji/in, 

In  its  migration  the  testis  (fig.  224  B)  also  sinks  down  into  this 
peritoneal  fold,  whereby  it  remains  undetermined  whether  Hunter's 
ligament  exercises  an  influence  on  it  or  not.  The  entrance  into  the 
inguinal  canal  usually  takes  place  in  the  eighth  month,  into  the 
scrotum  in  the  ninth  month,  so  that  at  the  end  of  embryonic  life 
the  descent  is,  as  a  rule,  completed.  The  canal  then  closes  by 
fusion  of  its  walls,  and  thereby  the  testis  comes  to  lie  in  a  sac 
constricted  off  from  the  abdominal  cavity  and  enclosed  on  all 
sides. 

The  various  enveloping  structures  of  the  testis  also  become  intelli- 
gible from  the  sketch  of  the  development  just  given.  Since  the 
cavity  which  shelters  it  is  simply  a  detached  portion  of  the  body- 
cavity,  it  is,  as  a  matter  of  course,  lined  by  i)eritoneum  {fig.  224  /). 
This  is  the  so-called  tunica  vaginalis  propria^  on  which,  as  on  other 
regions  of  the  peritoneum,  we  have  to  distinguish  a  parietal  layer 
(4')  lining  the  wall  of  the  sac  and  a  visceral  layer  (4")  investing  the 
testis.  Outside  of  this  follows  the  tunica  vaginalis  communis  (3')  ; 
it  is  the  evaginated,  and  at  the  same  time  extraordinarily  attenu- 
ated, layer  of  muscles  and  fasciae  (3)  of  the  abdominal  wall.  Con- 
sequently  it  also  contains  some  muscle -fibres  enclosed  in  it,  which 
are  derived  from  the  muscidus  obliquus  abdominis  intemus,  and 
constitute  the  suspensory  muscle  of  the  testis  or  cremaster. 

In  the  descensus  testiculorum,  which  should  normally  be  com- 
pleted in  Man  at  the  end  of  embryonic  life,  interruptions  may,  under 
certain  circumstances,  occur  and  produce  an  abnormal  location  of  the 
testis,  which  is  known  under  the  name  of  cryptorchism.  The  descent 
remams  incomplete.  Then  the  testes  of  the  recently  born  child  ai-e 
either  found  to  be  located  in  the  body-cavity,  or  they  still  stick  fast 
in  the  wall  of  the  abdomen,  in  the  inguinal  amal.  In  consequence 
the  sci'otum  feels  small,  flabby,  and  flaccid. 

Such  anomalies  are  designated  as  inhib^ition-nuUformationSt  because 
they  ai*e  explained  by  the  fact  that  the  processes  of  development 
have  not  readied  theii*  normal  termination. 
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(B)  The  MetaiiwrphoaU  in  tite  Femak.     Deacenaux  ovariamvi,. 
The  metumorphoHUi  of  the  piimilive  embryonic  fimdamente  in  the 
fumale  is  in  many  paiticiilarB  the  opposite  of  that  in  the  male,  iiifts- 
intich  lu)  pnt-tM  which  are  made  use  of  is  the  ktter  become  rudi- 
mentary in  the 


the  Mulleriuii 
duct  (fig.  225 
t,  ut,  ach)  as- 
MimeH  the  func- 
tion of  conduct- 
ing away  th<j 
ova,  while  the 
ephric 
duct  (iff)  and 
the  primitive 
kidney  {ep,  pa) 
become  riidi- 
montary. 

The    pro7i«- 
phrie    duct    In 

advanced  human  embryos  of  the  female  Hex  in  still  demonKtrable  us 
an  incoDEpicuous  Btnictiire  in  the  bruud  ligament  nad  at  the  xide 
of  the  uterus ;  in  the  adult  it  ban,  as  a  rule,  entirely  disappeared, 
except  the  terminal  jwrtion,  which  in  euolotied  in  the  tiiiljetniice  of 
the  neck  of  the  utenta,  whei-e  it  in  diutinguiMhable,  but  only  by 
miauti  of  croHH  Hectious,  lut  an  oxti-aordinarily  narrow  tubule  (Beiobl, 
U.  Ooukn).     Ill  niiuiy  MiimuiaH  us  in  Ruminants  ;iiid  -Swine,  the 


i;  m,  nmnd  ligunnit  (Ingidiuil 
al  Dt  UiB  iirimiti's  kUarj) ;  la'.  Uguusnluin  aiwU. 
1  (',  fj/»  tt\  Ui  itlditxUi  Uid  IHlUoDi  of  Lfa«  Diyiuu  After  tlm 
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meeonophric  ducte  pendst  even  later  in  a  rudimentary  condition,  and 
are  here  known  under  the  name  of  Gartner's  canals. 

There  are  to  be  dUtinguiehed  on  the  dtgenerating  prtmitiee  kidney,  a» 
tn  Man,  an  anterior  and  a  posterior  region  (Waldbver). 

Z^  anterior  region  (figs.  22G  ep,  226  ep),  or  the  lexual  part  of  the 
primitive  kidney,  which  in  the  male  becomes  the  epididymis,  is  also 
retained  by  the  female  as  an  ot^n  without  function  and  here 
becomes  the  parovarium  (ep),  which  was  first  accurately  described  by 
KoBELT  (the  parovarium  or  epoiiphoron  of  Waldbyrk).     It  lies  in 
the  broad   ligament    (fig,    226) 
between  ovary  (m)  and  Mullerian 
duct  (t),  and  consisteof  a  longitu- 
dinal canal  (^j),  the  remnant  of 
the  upper  end  of  the  meflonephric 
duct,  and  of  ten  to  fifteen  trans- 
vorae  tubules  {ep).     The   latter 
have  at  first  a  straight  course, 
but  afterwards  become  tortuous 
(fig.  327  ep),  in  much  the  same 
way  as  the  canals  which  in  the 
male  are  converted  into  the  coni 
vasculosi.     The  comparison   be- 
tween parovarium  and  epididy- 
mis may  be  carried  still  further. 
As  in  the  male  tubules  grow  out 
from  t)ie  latter  into  the  cortex 
of  the  testis  and  are  there  diffe- 
rentiated into  the  rate  testis  and 
Uui  iiiiii8-r.iiiimi>nt  gt  th«  iffiniitiie      the  tubuli  recti,  so  there  are  also 
kidn.)-) :  wi,  HaiiiiKiiinD  cuFDiauiw.  canals  found  in  the  female  which 

proceed  from  the  parovarium, 
enter  the  medullnry  substance  of  the  ovaiy  itself,  and  form  here 
the  previously  (p.  381)  described  medullary  cords,  which  are  highly 
developed  in  many  Mannuiils. 

The  posterior  portion  of  the  primitive  kidney,  which  in  the  male 
(figs.  221  and  322  pa)  furnishes  the  paradidymis  and  the  vaea 
aberrantiii,  degenerates  in  the  female  (fig.  225  pa)  in  a  similar 
manner  into  the  paroiiphoron,  and  is  still  to  be  recognised  for  a  long 
time  in  the  human  embryo  as  o.  yellowish  body  (fig.  226  pa),  which 
lies  medianwards  of  the  epoiiphoron  (ep)  in  the  broad  ligament,  and 
is  composed  of  small,   tortuous,  ciliate  tubulee   {pa)  and  a   few 


iatAiial   Hxiul  jMrtt  of   m 
uu  Bmbrya  0  cm.  loDf ,  Aflei 
.     MiycniSed  IDdinnnncn. 
illariiui  <luct  m  oviduct  (Fallu- 

inm  <=  Bpldlilj-mli  uf  Uw  mill* 
irt  of  tba  |)iimiUTe  kldnsji)  ; 
phric  duct  (VH  .Idtnnu  of  ths 
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degeneratiuf;  vilscuIut  glomeruli  (mk).  Certain  canals  and  cj'sUlike 
islructuros,  which  ore  afteu  found  in  the  bi-oad  Ugament  of  the  adult 
clotte  to  the  iittrns,  ivre  to  be  i-eferred  to  it. 

The  two  Midletian  ducts  (fig.  219  »(^),  which  from  the  beginning 
lie  in  the  margin  of  the  peritoneal  fold  that  sei'ves  for  the  re4.-eptioa 
of  the  ovary  and  6iibMeqiiently  becomeB  tha  broad  ligament,  undergo 
a  very  profound  metamorphosis.  It  hii«  already  been  mentioned 
that  as  they  e»l*r  the  icsser  or  true  pelvU  they  approach  the  median 
plane,  and  are  joined  to  the  genital  coi-d.  We  can  therefore  Am- 
tinguish  in  them  two  different  regions,  one  enclosed  in  the  genital 
cord,  the  other  lying  in  the  margin  of  the  broad   ligament.     The 


\ 
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hitter  becomes  the  oviduct  (the  ttiba  Fallopite)  with  its  funnel-shaped 
bc^ning  (figs.  225  (,  226,  227  (,  (').  The  anterior  end  of  the 
Mollerian  duct,  which  in  the  embryo  reaches  far  forward  and  is 
here  enclosed  in  the  diaphragmatic  ligament  of  the  primitive  kidney, 
appears  in  the  meantime  to  degenerate,  whereas  the  permanent 
opening  (figs.  225  ( and  226  t')  is  probably  an  entirely  new  formation. 
MoKGAdNi's  hydatid  (tig.  225  hi/)  w  perhaps  to  be  referred  to  the 
anterior  rudimentary  part — the  conditions  here  have  not  yet  been 
made  entirely  clear.  This  structure  is  a  small  veeicle,  which  is  joined, 
by  means  of  a  longer  or  shorter  statk,  with  one  of  the  fimbria  of  the 
fimnel-ehaped  end  of  th.'  oviduct. 

Out  of  the  part  of  the  Miillerian  ductd  enclosed  in  the  genital 
cord  (fig.  219  mi))  are  formed  the  iitenm  and  the  vagina  (fig.  225  ut 
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and  8ch),  fm  Thiersch  and  K5lliker  have  shown  for  MammaLs,  and 
a8  DoHRN  and  Tourneux  et  Legay  afterwards  showed  for  Man. 
Their  formation  is  accomplished  by  a  pi*ocess  of  f union,  which  in 
Man  is  effected  in  the  second  month.  When  the  MUllerian  ducts 
(fig.  228  iiKj)  are  closely  pressed  together,  the  partition  between  them 
becomes  thin  and  breaks  through — at  first  in  the  middle  of  the  genital 
cord.  Thus  there  is  developed  out  of  them  by  an  extension  of  this 
process  a  single  sac  (the  sinus  genitalis),  which  is  also  established  in 
the  male  as  a  rudimentary  organ,  the  previously  mentioned  sinus 
prostaticus  or  uterus  masculinus  (fig.  222  utn).  In  woman  it  begins 
to  be  difiPerentiated  in  the  sixth  month  into  uterus  and  vagina.  The 
upper  portion,  which  receives  the  oviducts,  acquires  very  thick, 
muscular  walls  and  a  narrow  lumen,  and  is  limited  below  by  a  re- 
entering ring- like  ridge — that  becomes  the  vaginal  portion  [of  the 
uterus] — from  the  lower  portion,  the  vagina,  which  remains  spacious 
and  possesses  a  thinner  wall. 

Similarly  to  the  testis,  the  ovaries  also  have  to  pass  through  a  con- 
siderable change  in  position  :  the  descensus  ovariorum  (fig.  225  ei',  t'), 
which  corresponds  to  the  descent  of  the  testes.  In  the  third  month 
of  embryonic  life,  at  the  time  when  the  primitive  kidney  begins  to 
disappear,  the  ovaries  move  from  the  region  of  the  lumbar  vertebr« 
down  into  the  false  pelvis,  where  they  are  found  medianwards  from 
the  musculus  psoas.  Pix)bably  the  above-described  inguinal  ligametU 
of  the  primitive  kidney  (fig.  225  r?w),  which  is  not  wanting  in  the 
female,  participates  in  the  change  of  position  in  this  case  also.  As 
WiEGER  hjis  recently  shown,  the  ligament  is  differentiated  into  three 
distinct  regions  by  the  fact  that  it  acquires  a  firm  union  with  the 
MUllerian  ducts  at  the  place  where  they  meet  to  form  the  sexual 
cord.  The  uppermost  region  becomes  a  strand  of  non-striate  muscle- 
fibres,  which,  arising  from  the  parovarium,  is  imbedded  in  the  hilus 
of  the  ovary.  This  is  continuous  with  the  second  region,  or  the 
ligamentum  ovarii  (lo)^  and  the  latter  with  the  round  ligament  (mi) 
(ligamentum  teres  uteri).  The  round  ligament,  produced  from  the 
third  and  mast  developed  region  of  the  inguinal  ligament,  extends 
from  the  upper  end  of  the  genital  cord  to  the  inguinal  region.  Here 
there  is  usually,  as  in  the  male,  a  small  evagination  of  the  peritoneum, 
the  pixxjessus  vaginalis  peritonei,  which  ocaisionally  j)ersists  even  in 
the  adult  as  the  diverticuhnii  Nuckii,  and  then  may  likewise  be  the 
cause  of  the  formation  of  an  inguinal  hernia  in  the  female.  At  this 
place  the  ix)und  ligament  |)asses  thi'ough  the  wall  of  the  abdomen 
and  ends  in  the  external  skin  of  the  labia  majora. 
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In  itrt  lost  stages  the  ilescont  in  thn  femnle  i«  acporaplialied  in 
n  munner  difTeront  from  thnt  in  tlie  male.  For  iiistenil  of  ndvnncing 
like  the  te^4teK  toward  the  ingiiinu]  region,  tlie  ovitriea,  when  the 
ilevelupment  is  normtil,  nink  down  insl«a(l  into  the  true  polviij.  Here 
they  are  enclosed  between  hladiler  and  rectum  in  the  broud  ligament, 
whieh  is  developed  out  of  the  peritimoftl  fuliln,  and  in  which  originally 
the  primitive  kidneys,  the  ovaries,  and  the  MiillorinD  duetto  are 
imbedded. 

Naturally  the  round  ligament  cannot  be  of  influence  during  this 
laxt  stage  of  the  dawent  in  the  female,  because  it  cjin  exercise  a 
traction  only  in  the  direction  of  the  inguinal  region,  where  it  is 
attached.  The  dF!4cent  into  tlie  tnii-  pchis  aeeniK  rather  to  be  due  to 
the  convt-rwon  of  the  lower  region  of  the  MUllerian  ducta  into  the 
uteniH.  At  any  rate,  the  ovaries  are  joined  to  the  uteruB  by  meanjt 
of  a.  firm  cord  of  connective  tifisue, 
the  ligamentum  ovarii. 

In  rare  cases  in  the  female  tlie 
ovariee  can  continue  to  change  tlnii- 
position  in  a  manner  correspond!  n^' 
to  that  in  the  male.  They  migiviic 
then  toward  the  inguinal  region  iqi 
to  the  entrance  into  the  processus 
vaginalis  (diverticulum  Nuckii);  oc- 
cAMonnUythey  here  ceiLW  to  advance,  The  ckh  ■octinn  ttiuwi  tti>  riuioti  or  tiia 
butaometimeBtheyentei- farther  into  HiUien.n.ino«(B.»);.„,m™«dephri<' 

the  abdomiiial  wall  through  the  in- 
guinal canal ;  indeed,  as  hiis  been  ot«erved  in  tteveral  instances,  they 
can  jaas  quit©  tlirough  the  wall  of  the  abdomen  and  at  last  imb«l 
tlieraselves  in  the  labia  majora.     The  latter  then  lu'rjiiire  a  great 
limihirity  to  the  Rcrotiim  of  the  male. 


>B  (h»ii(h  tbi  gad- 


(i)    The   Development   of  the   External  Sexual  Ort/aim. 

The  section  which  deals  with  the  urinary  and  sexual  organs  is 
really  the  moKt  suitable  place  at  which  to  inti-oduce  the  development 
of  the  external  sexual  organs,  notwithstanding  they  do  not  arise 
from  the  middle  germ  layer,  but  in  part;  fi'om  the  outer  and  In  part 
from  the  inner  germ-layer.  In  order  to  give  an  exhaustive  account 
of  them,  we  mu-st  go  back  to  rather  early  stages  of  development — 
to  the  time  when  in  the  enibi-yo  the  Wolflian  and  Miillerian  duets 
are  estiiblisbeil.     Having  first  arisen  in  the  most  anterior  part  of  the 
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embryo,  they  grow  backwai-ds  to  the  terminal  part  of  the  intestine, 
and  there  implant  themselveH  in  the  allantois.  This  is,  as  we  have 
seen  in  tho  fii-st  part  of  this  text-book  {Rg.  132,  3  and  4  a/),  an 
organ  which  is  produced  by  evagination  of  the  anterior  [ventral]  wall 
of  the  hind  giit.     In  most  Mammals  (figs.  134  a/  and  142  ALC)  it 

attains  during  embryonic 
life  a  quite  extraordinary 
development,  for  it  grows 
out  of  the  body-cavity, 
penetrates  between  the 
other  f<Btal  membranes, 
and  is  distended  into  a 
large  vesicle,  which  re- 
ceives the  urinary  fluid 
secreted  by  the  embryo. 
The  part  of  it  which  lies 
in  the  body-cavity  remains, 
on  the  contrary,  narrow. 
The  terminal  part  of  it 
which  receives  the  Wolffian 
and  Miillerian  ducts  is 
called  siniu  urogeniUUis 
(fig.  219  8ug  and  229  ug), 
a  structure  which  will  often 
demand  our  attention  in 
considering  the  develop- 
ment of  the  external  sexual 
organs. 

The  sinus  urogenitaUs 
and  the  hind  gut  unite 
to  form  a  short,  unpaired 
region,  the  cloaca  (fig.  229 
c/),  a  small  depression 
which  opens  out  at  the 
surface  of  the  body  and 
in  very  many  Vertebrates — in  the  Amphibia,  Reptiles,  Birds,  and 
the  lowest  Mauimabt,  the  Monotremes — persists  throughout  life. 
In  the  remaining  Mammals,  however,  these  structures  have  only 
an  embryonic  existence.  In  the  fii'st  case  all  the  elimination - 
products  of  the  body  are  conducted  to  the  outside  through  the 
cloaca, — out  of  the  hind  intestine  the  faecal   masses,  out  of   the 


Fif.  SS8. — DiftgnuB  of  the  nrofeaital  organi  of  a 
Momniftl  at  an  early  stafe,  after  Ali.fn  Thomson  ; 
from  BaiJ'-ouk. 

The  parte  are  seen  chiefly  in  proflle,  but  the  Miillerian 
and  WulfflAn  ducta  nrc  auen  from  the  front. 

3,  Ureter  ;  ^,  uriniiry  bladder  ;  6,  urachua ;  ot,  genital 
Kland  (ovary  or  tewtis) ;  IF,  left  Wolffian  body 
(liriu)itivo  kidney) ;  x,  itadiaphraguiatic  ligament ; 
V,  Wolffian  (meiM)ne])hric')  duct ;  ia,  Miillerian 
duct:  gr,  genital  cord  ctmsiMting  of  Wolffian  and 
Miillerian  ductA  envelo]ie<l  in  a  comuion  sheath  ; 
i,  rectum  ;  ug,  urogenital  ainus  ;  cp,  genital  «min- 
ence.  which  becomo><  tho  clitoria  or  i>enia;  U,  genital 
ridgee  from  which  the  labia  niajora  or  the  scrotum 
are  developed. 
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sinuK  uiiigeiiitalL'*  the  urinnry  fluid  ami  the  male  or  female  eexunt 
prodiiptfl. 

As  fur  fts  i-ojjania  the  Rpecinl  conditiooB  in  Man,  the  allantois 
romninfi  in  hiu  caw  very  RDinll  {6g.  132,  5  iil)  and  posReaHes  a  lumen 
in  the  region  of  the  body-cavity  onli/,  whereaw  in  the  umbilical  cord 
and  between  the  remaining  fcetAl  niombranea  only  ita  connective- 
tifwue  part,  together  with  the  blood- vessels,  which  shai-es  largely  in 
the  development  of  the  placenta,  grows  further.  In  the  second 
month  its  hollow  part,  lying  on  the  front  wall  of  the  abdomen. 
becomes  a  spindle-ohaped  body  (fig.  229  ,).  Its  middle  enlargement 
becometi  the  urinary  bladder  (,),  its  upward  prolongation,  which 
reaches  to  tho  navel,  is  called  urachus  (j),  the  other  end  (mj/)  is  the 
KinUB  urogenitalis.  The  urachus  degenerates  duringembryonic  life  and 
furnishes  a  connective-tissue  cord,  the  ligomcntum  vesico-umbilicale 
medium,  which  extends  fi-om  the  apex  of  the  bladder  (fig,  219  hblf) 
to  the  navel,  and  often  in  the  first  yeare  after  birth  still  contains  an 
epithelial  cord,  a  remnant  of  the  original  epithelial  canal. 

As  is  well  known,  the  iiretera  (Hgs.  229  j  and  219  AT)  in  the  adult 
open  close  together  at  tho  posterior  surface  of  the  urinary  bladder 
(229  4).  In  very  young  embryos  this  is  not  the  case  at  first,  for  the 
two  ureters  arise  from  the  ponterior  part  of  the  mesonephric  duct, 
and  this  opens  into  the  stnus  ui-ogenitalis.  But  this  condition  is 
soon  altered.  The  un'tor  splits  off  from  tho  mesonephric  duct, 
and  comes  to  open  indejieudeully  into  the  posterior  wall  of  tho  sinus 
urogenitalis,  from  which  it  afterwards  becomes  gradually  removed, 
since  its  orifice,  as  it  wei-e,  creeps  higher  up  on  the  posterior  wall  of  the 
bladder.  Like  the  change  in  the  position  of  the  sexual  glandti,  we 
must  also  conceive  of  this  nhifting  as  produce<l  by  pi-ocesses  of  growtli 
in  such  ft  way  that  especially  the  tract  Iwtween  meeonephric  duct 
and  m-eter,  which  is  at  first  small,  increases  in  size,  and  thereby 
prodnces  the  apparent  upward  migration  of  the  opening  of  the 
ureter. 

In  the  sixth  week  the  cloaca  in  Man  undergoes  alterations  which 
are  connected  with  the  development  of  the  external  sexual  organs. 
The  cloacal  depression,  which  in  earlier  stages  (fig.  230  A)  appears 
tissnre-like,  afterwards  becomes  (fig.  230  B)  surrounded  by  a  ring- 
like fold,  the  genital  ridge  {ifv>),  and  there  also  arisen  in  its  anterior 
portion  a  gi'owth  of  connective  tissue,  which  produces  the  externally 
protruding  genital  eminence  (<fh).  Along  the  lower  surface  of  the 
latter  there  is  formed  at  the  same  time  a  groove  (i/r),  which  extends 
downw.ird  to  the  elnocn,  of  which  it  i.«,  as  it  were,  tlic  continuation, 
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In  the  following  weeks  of  development  the  eminence  p|t)tnide8  Rtill 
more,  and  thereby  becomes  converted  into  the*  genital  member,  which 
is  at  fii*Ht  possessed  by  both  sexes  in  the  same  condition ;  meanwhile 
the  groove  (gr)  on  its  under  surface  becomes  deeper,  and  surrounded, 
at  the  right  and  left,  by  projecting  folds  of  the  skin,  the  genital 
folds  (2/*).  (CJompare  also  the  diagrams  fig.  219  gho,  gw^  eH  and 
fig.  229  cpf  is,  d.) 

Alterations  follow  (fig.  231  M  and  If')  by  which  the  cloaca  is 
differentiated  into  two  openings,  one  lying  behind  the  other,  the  anus 
(a)  and  the  separate  urogenital  opening  {ugy  The  deep  partition 
(fig.  229)  by  which  the  sinus  urogenitalis  and  the  rectum  are  separated 
from  each  other  begins  to  grow  outward,  and  at  the  same  time  folds 
also  arise  on  the  lateral  walls  of  the  cloaca  and  unite  with  it.  Thus 
a  membrane  (fig.  231  d)  is  developed  which  separates  a  poBterior  * 
opening  (a),  the  anus,  from  an  anterior  opening,  the  entrance  to 
the  sinus  urogenitalis  (ttg).  Inasmuch  as  this  partition  continues  to 
become  thicker  up  to  the  end  of  embryonic  life,  it  finally  crowds  the 
two  openings  far  apart  and  forms  between  them  the  perinaeum  (fig. 
231  M*  and  H'*  d).  In  this  way  the  anus  (a)  moves  entirely  out  of 
the  t(»rritory  of  the  previously  mentioned  genital  ridge  (fig.  230  gto). 

From  tJie  fourth  month  onward  great  differences  arise  in  the  develop- 
ment of  the  external  seanud  parts  in  male  and  female  embryos. 

In  the  female  (fig.  231  W  and  W^)  the  metamorphoses  of  the 
originally  common  embryonic  foundations  are  on  the  whole  only 
slight ;  the  genital  eminence  grows  only  slowly  and  becomes  the 
female  member,  the  clitoris  (c/).  Its  anterior  end  begins  to  thicken 
and  to  l>e  marked  off  from  the  remaining  part  of  the  body  as  the  glans. 
By  a  process  of  folding  in  the  integument  there  is  developed  around 
it  (fig.  231  ir*  vh)  a  kind  of  foreskin  (the  pneputium  clitoridis). 
The  two  genital  folds  {W gf)j  which  have  bounded  the  groove  on  the 
under  surface  of  the  genital  knob,  take  on  a  more  vigorous  develop- 
ment in  the  female  than  in  the  male,  and  are  converted  into  the  labia 
minoi-a  ( IF*  ksch).  The  space  between  them  ( W  ug),  or  the  sinus 
urogenitalis,  which  receives  the  outlet  of  the  urinary  bladder  and 
the  vagina  devt»loped  by  the  fusion  of  the  Miillerian  ducts,  is  called 
the  veatibuluvi  vaginre  (IF*  w).  In  the  female  the  genital  ridges 
(W gw),  owing  to  the  deposition  of  fatty  tissue,  become  very  volu- 
minous, and  are  thus  converted  into  the  labia  majora  ( IT*  gsch). 

The  coiTeaix)nding  fundaments  pass  through  much  more  essential 
metamorphoses  in  the  male  (fig.  231  Af  and  M*).  By  an  extra- 
ordinarily   N-igorous    growth    in    length    the  genital   eminence  is 
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Fig.  2iU — Thfl  livE*»i4gBB  Jf  And  Jtf'ixhlbit  th«  mBti4morpb«ta  dF  the  orfgiiwl  ruDdnnivnl  Id 
tbs  mail  id  omiirjfiii !(  and  a  iDonUui  old  napHtivtl;.    Tbe  Uagn  W  uiil  )K*  (irwHil  Iha 
DiMunor^bcnla  In  tbe  famiilE  (i}  ud  4  iiianUu). 
Tta  •»»•  (iMlgnnlioiB  uro  lundtoriill  o(  IhB  tgarv. 

tt,  FoKtarlut  yind  aiinmiij  ;  rln,  «li«ui ;  gh.  (anllal  emiaesH :  of.  gtnlul  fold ;  qt.  ganlul 
Snors  I  fW,  gmiul  ridga  ;  ei>,  glan*  pun!* :  el.  cUWrii ;  d.  pdiiugiuu :  a,  uiu  ;  uji.  lotnuicus 
I  ilnii*  ongaiiuli*  or  vaKibnlnm  lagiiue-,  ir,  vgdlbaliuu  nginB;  rk,  lorHdiio  (i>npni») : 
r,  •ciutnin  ;  <I  ^  r,  ni|>lu  iwioal  tad  luruCi ;  b"':  li'bi'  miiiim ;  ttcA,  Iibiu  minocii. 
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converted  into  the  male  member^  or  the  p&nisy  which  corresponds  to 
the  clitoris  of  the  female.  Like  the  latter,  it  possesses  an  anterior 
knob-like  enlargement,  the  glans  {M  gp),  which  is  embraced  by  a 
fold  of  the  skin,  the  prseputium  (M*  vh).  The  sinus  urogenitalis, 
which  in  the  female  remains  short  and  broad  as  the  vestibuliim 
vagina;,  is  in  the  male  converted  by  a  process  of  fusion  into  a  long 
narrow  canal,  the  urinary  tube  or  urethra.  This  results  from  the 
fact  that  the  furrow  on  the  under  surface  of  the  genital  protuberance 
(M  gr)  becomes  elongated  during  the  development  of  the  latter  and 
at  the  same  time  deeper,  and  that  the  sexual  folds  {gf)  bordering  it 
protrude  farther,  coming  into  immediate  contact  along  their  edges 
{M*)  as  early  as  the  fourth  month,  and  begin  to  fuse  together. 

The  posterior  end  of  the  urethra  early  (second  month)  undergoes 
changes  by  which  the  prostata  (fig.  222  pr)  is  formed.  The  walls 
become  greatly  thickened,  acquire  non-striate  muscular  tissue,  and 
constitute  a  ring-like  ridge,  into  which  evaginations  from  the  epi- 
thelium of  the  tube  penetrate,  and  by  their  branchings  furnish  the 
glandular  portions  of  the  organ.  On  its  posterior  wall  are  found,  as 
is  well  known,  the  openings  {d^)  of  the  vasa  def  erentia,  and  between 
them  the  sinus  prostaticus  or  uterus  masculinus  (um),  produced  by 
the  fusion  of  the  Milllerian  ducts. 

The  genital  ridges  (fig.  231  M  gw\  which  in  woman  become 
the  labia  majora,  also  undergo  a  fusion  in  man.  They  surround 
the  root  of  the  penis  and  then  fuse  in  the  median  plane,  where 
the  place  of  union  is  indicated  afterwards  by  the  so-called  raphe 
scroti  (if*  r).  Into  the  scrotum  {M*  hs)  thus  formed  the  testes, 
toward  the  end  of  embryonic  life,  migrate,  as  previously  described. 

From  the  fact  that  originally  the  external  sexual  parts  are  con- 
stituted exactly  alike  in  both  sexes,  it  is  evident  why,  with  a 
derangement  of  the  normal  coui'se  of  development,  forms  come  into 
existence  in  which  it  is  sometimes  extremely  difficult  to  determine 
whether  one  has  to  do  with  male  or  female  external  parts.  These 
are  cases  which  in  earlier  times  were  erroneously  designated  as 
hermaphroditism.  There  are  two  ways  in  which  they  may  arise. 
They  are  either  to  be  referred  to  the  fact  that  in  a  female  the 
process  of  development  has  pioceedid  further  than  normally  (t.«., 
as  in  the  male),  or  that  in  a  male  the  process  of  development  has 
suffered  an  early  interruption,  and  thereby  led  to  formations  which 
are  similar  to  the  female  genital  parts. 

As  far  as  regards  the  first  kind  of  malformations,  the  genital 
eminence  in  the  female  occasionally  assumes  such  a  size  and  form 
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that  it  rewmbles  iu  every  [Mrticulnr  tlie  iniile  orgiiii.  Tin-  re»eiii- 
blnnce  may  become  even  g)-eater,  when  the  ovaries  migrate  into  ihe 
inguinal  region  inHli.tid  of  the  tnie  [)e1vis,  pass  thi'ough  the  wnll  of 
the  abdomen,  and  bwome  intbedded  in  the  labia  majonv.  lo  con- 
sequence of  this  the  hvtter  lie  upon  tlie  root  of  the  lai'gt'  clitoris  and 
dmutnte  a  kind  of  scrutuni. 

The  malformations  which  have  given  ocnwion  for  the  assumption 
of  hermaphroditiHW  are  of  more  freijuent  occurrence  in  the  male. 
They  are  attributahle  to  the  fact  thai  the  processes  of  fusion  which 
normally  take  pliice  uro  interrupted.  We  then  have  a  genital 
member,  which  ordinarily  is  rudimentary,  along  the  under  ride  of 
which  there  nio,*  only  a  furrow  instead  of  the  urethra,  a  malforma- 
tion which  is  designated  as  hijpo«padias.  With  this  morphological 
(totioicncy  mny  he  united,  secondly,  an  arrest  of  the  normal  descent 
of  the  testes.  The  ljitt«r  remain  in  the  body-cavity,  and  the  gt-uital 
ridges  thus  ac<|uire  a  great  similiirity  to  the  labia  majora  of  t\w  fcTiiale. 


m.  The  Development  of  the  Bapraranal  Bodies. 

The  diKCtituion  of  the  auprarenal  bodies  best  follows  that  of  the 
urogenital  ttystem.  For,  aside  from  the  fact  that  the  suprarenal 
bodies  and  the  genito-urinai^  organs  ai'e  in  all  Vertebrntex  very 
closely  connncted  spatially,  they  also  appear  to  stand  in  very  close 
relation  to  each  other  in  the  history  of  their  devi-lopment.  At  least 
the  recent  investigations  of  Weldon,  Janosik,  and  Mihalkovics 
(Kiint  that  way,  and  are  perhaps  also  i^iutlicient  to  snggesl;  the  direction 
of  the  physiological  research  by  which  one  can  acquire  an  explanation 
concerning  the  ever  problematic  function  of  these  IxMiie^. 

As  ia  well  known,  there  ni-e  to  be  distinguished  in  the  siiprarenaJ 
bodii'6  two  difierent  subtitances,  which  in  Mammals  are  described, 
according  to  their  mutual  relations,  us  medulla  and  cortex.  Most 
invewtigiitorti  iiacrilie  to  them  a  double  origin.  Balfodb,  Beaun, 
KtiLUKEK,  and  MiTSUKUJic  miiki*  the  meiluHii  «rii<e  from  the  gang- 
lionic fundaments  of  the  sympathetic  norve-iinink  (CSrenistrang), — it 
is  for  this  iviuton  that  in  many  text-boolcN  the  suprarenal  bodiee  are 
treated  of  in  connection  witli  the  sympathetic, — but  GottbchaII  and 
Janostk  controvert  this ;  they  maintain  tliat  only  certain  ganglionic 
cells  and  nerve-fibres  grow  in  from  the  sympathetic,  but  that  the 
real  medullary  cells  arise  by  a  metamorphosis  of  cortical  cells.  It 
ap]>eai>i  to  me  from  the  existing  investigatioiui  that  the  question  in 
not  i-eady  for  discussion. 
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There  are  also  two  different  interpretations  concerning  the  develop- 
ment of  the  cortical  suhetance.  Balfour,  Braun,  Brunn,  and  Mit- 
8UKURI  derive  it  from  accumulations  of  connective-tissue  cells,  which 
are  formed  at  the  anterior  portion  of  the  primitive  kidney  along  the 
course  of  the  inferior  vena  cava  and  the  cardinal  veins.  According 
to  Janosik,  Weldon,  and  Mihalkovics,  on  the  contrary,  the  cell- 
accumulations  are  either  directly  or  indirectly  formative  products  of 
the  epithelium  of  the  body-cavity.  I  say  "  direct  or  indirect "  because 
in  details  the  resiilts  of  the  three  investigators  named  differ  somewhat. 
According  to  Janusik  and  Mihalkovics,  it  is  the  germinal  epithelium 
in  the  anterior  portion  of  the  genital  ridge  that  furnishes  by  its 
proliferation  the  material  for  the  suprarenal  body.  Mihalkovics 
therefore  calls  it  *^  a  detached  part  of  the  sexually  undifferentiated 
genital  gland,  which  consequently  remains  at  a  primitive  stage  of 
development."  Weldon,  on  the  contrary,  brings  the  suprarenal 
body  into  relation  with  the  most  anterior  part  of  the  piimitive 
kidney.  According  to  his  representation,  which  appears  to  me  to 
deserve  especial  consideration,  and  from  which  indeed  other  researches 
will  have  to  begin,  the  sexual  cords  of  the  primitive  kidney  are  coricemed 
in  ikefontuUion  of  the  suprarenal  bodies.  When,  at  the  head-end  of 
the  kidney,  they  sprout  out  of  the  epithelium  of  the  Malpighian 
glomerulus  in  the  mauner  previously  (p.  383)  described,  they  divide 
into  two  bitinches.  One  of  these  grows  ventrally  into  the  fundament 
of  the  sexual  gland,  the  other  turns  doi*sally  and  spreads  out  in  the 
vicinity  of  the  vena  avva. 

Moreover,  even  Mihalkovics  descriljes  a  connection  of  the  sexual 
cords  with  the  fundament  of  the  suprarenal  body  at  certain  places, 
but  makes  both  arise  from  proliferations  of  the  epithelium  of  the 
body-cavity.  The  connection  is  subsequently  destroyed  by  the  inter- 
polation of  blood-vessels. 

For  the  solution  of  the  still  pending  questions  most  is  to  be  expected 
fi*om  the  investigation  of  non-amuiotic  animals. 

Duiing  its  development  the  suprarenal  body  is  for  a  time  of  very 
considerable  size.  In  Mammals  it  temporarily  covei's  the  much 
smaller  kidney,  as  in  the  human  embryo  of  the  eighth  week  repre- 
sented in  fig.  220,  in  which  at  the  left  the  suprarenal  body  (wn)  is 
to  1x5  seen  in  its  normal  position,  whereas  on  the  right  it  has  l>een 
removed  to  disclose  the  kidney  (n).  Afterwards  its  gi-owth  does  not 
keep  pace  with  that  of  the  kidney ;  however  at  birth  (fig.  208),  when 
it  already  re«t«  upon  the  latter  {n)  as  a  crescentic  Ixxiy  (nn)^  it  still 
is  larger  in  comparison  with  the  kidney  than  it  is  in  the  adult. 


THE  OKOANS  OF  THE    MIDDLE   nEnM-I.AYEU.  4IHt 

During  its  development  some  nmnll  [tortionH  of  the  riindnmetit  of 
tlip  siipvfireniil  cortex  appenr  wmietimci  to  detjicli  themsolves  and  to 
n'inHilt  hi  tlio  vicinity  i)f  l.lie  Hexunl  organs,  in  whose  Durations  they 
IMirtidprttc.  Thus,  indeed,  are  to  lie  expUined  the  occtMory  miyra- 
7-enal  hmlies  observed  hy  MakcbaND  at  the  margin  of  the-  bi-oad 
ligament. 

Summary. 

!.  The  following  HtructureB  arc  to  be  interprfted  fl-i  formativp 
pi-iHlurts  of  ihe  middle  germ-layer  :  tlie  epithelium  of  the  body-cavity 
(of  the  perirardium,  of  the  thoracic  and  abdominal  rnvitien,  of  the 
rnvity  of  the  scrotum),  the  whole  of  the  transvei-sely  atriperi,  voluntary 
miiacuiatnre,  the  seminal  celln  ami  ova,  the  epithelium  of  the  nesiial 
glaiids.  of  the  kidnej-s  and  their  outlets,  and  the  cortical  cords  of  the 
suprarenal  Ixxhes. 

TVie  Developmtat  of  the  MuatniiitUtre. 

2,  The  inusculatm-o  of  the  trunk  is  developed  exclusively  from 
the  cell-layer  of  the  primitive  segmentM  that  abuts  upon  the  chorda 
and  neural  tube,  which  by  the  formation  of  mu><cle-fibi-illH;  itt  con- 
verted into  a  miiivle-platfl. 

3,  The  muHcIeplalf  enlai^en  dorsally  and  ventrally,  where  it 
becomes  cantinuoiin  (»>nc  of  growth)  with  the  out^r  (lateral)  epi- 
thelial layer  of  the  primitive  segment,  and  spreads  itself  out  over 
tlie  neural  tube  above  and  into  the  walls  of  the  abdomen  bt.dow. 

i,  Tlie  original  mu.-<cidatiiro  consiHt»  of  segnientx  of  longitudinal 
fibrcH  (myomeres),  which  are  separated  from  on**  another  by  connec- 
tive-tissue partitions  (ligamenta  intermusciilaria). 

6.  The  musculature  causes  the  fii«t  segmentation  of  Ihe  body  of 
Vertebrates  into  equivalent  succeesive  partw  or  metamera. 

6.  Bu<Ik  grow  out  from  the  muscle-plateH  (Selachians)  into  t]ie 
fundaments  oF  the  limbs,  and  thus  fumisli  the  foundation  for  the 
whole  musculature  of  the  extremities, 

7.  In  the  head-region  of  Vertebrates  the  miiRCulaturc  is  developed 
not  only  out  of  the  primitive  segments,  the  number  of  which  in 
Selachians  amounts  to  nine,  but  also  out  of  that  part  of  the  middle 
germ-layer  which  corresponds  to  the  lateral  plates  of  the  trunk,  and 
which  is  divided  up  by  the  formation  of  the  visceral  clefts  into  sepa- 
rate viscera  I -arch  cords,  which  in  the  Selachians  are  provided  with 
cavities. 
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8.  From  tho  primitive  sogmonts  of  the  head  an»  formexl  the  muRcles 
of  the  eyes,  and  from  th*»  vii<ceral-areh  eoi*ds  the  masticator)'  muscles, 
the  muscles  of  the  hyoid  arch  and  aLso  thoBo  of  the  small  bones  of  the 
ear  (?). 

The  Development  of  the  UrogeniUd  System. 

9.  The  first  fundament  of  the  urogenital  system  is  the  same  in 
both  sexes :  it  consists  of  (1)  thi-ee  pail's  of  canals — the  mesonephric 
duct^  the  Miillerian  duct,  and  the  ureter ;  (2)  four  pairs  of  glands — 
the  pro-,  meso-,  and  metanephros  and  the  sexual  gland,  which  at  first 
is  indifferent. 

10.  The  mesonephric  duct  arises  in  its  most  anterior  part  out  of 
a  groove-like  evagination  or  a  ridge-like  thickening  of  the  parietal 
middle  layer ;  posteriorly  it  detju'hes  it^f  from  its  parental  tissues, 
fuses  with  the  neighboring  outer  germ-layer,  and  thereby  forms  at 
first  a  short,  tubular  communication  between  the  ca?lom  and  tlie 
surface  of  the  Ixnly. 

11.  The  mesonephric  duct  is  gradually  converted  into  a  long 
canal,  inasmuch  as  it  grows  backward  on  the  outer  germ-layer, 
which  forms  a  thickened  ridge,  until  it  opens  out  into  the  cloaca 
(terminal  part  of  the  hind  intestine). 

12.  The  pronephros  (head-kidney)  is  developed  at  the  anterior 
part  of  tlie  mesonephric  duct  in  the  following  manner :  the  duct, 
upon  being  constricted  off  from  the  parietal  middle  layer,  remains  in 
connection  with  the  latter  at  several  places,  and  the  resulting  cords 
of  connection  grow  out  into  long  pronepliric  tubules,  at  the  inner 
openings  of  which  an  intraj>eritoneal  vascular  glomenilus  is  estab- 
lished out  of  tlie  wall  of  the  Ixxly-cavity. 

13.  IJehind  the  pronephros  the  mesonephros  (primitive  kidney) 
arises  thus  :  when  the  primitive  segments  are  constricted  off  from 
the  lateral  plates,  scgmentally  arrange<l  cellular  tubes  or  cords 
(nephrotonie)  are  formed,  which  communicate  at  one  of  their  ends 
with  the  body-cavity  and  at  their  other  ends  put  themselves  into 
connection  with  the  lat^irally  situated  mesonephric  duct  and  become 
the  mesonephric  tubules.  (Development  of  Malpighian  corpuscles, 
of  secondary  and  tertiary  mesonephric  tubules  and  the  glomeration 
of  the  latter.) 

14.  In  the  higher  Vertebrates  the  development  of  the  primitive 
kidney  is  to  a  certain  extent  abbreviated,  in  so  far  as  the  separate 
cords  of  cells  which  arise  at  the  constricting  off  of  the  primitive 
segments    lie   very   close  together    and    constitute  an   apparently 
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undiffei-ontiated  cell-mass  (the  midiilo  plate  or  the  meNouephric 
blasteiDft),  out  of  which  the  meBonephric  tubules  Hubseijuently — 
when  they  become  clearly  distiuguiwhable — appear  to  have  been 
differentiated. 

16.  In  a  part  of  the  non-nmniotic  Vertebrates  (some  Selachians, 
Amphibians)  the  primitive  kidney  remains  in  open  commuiiication 
with  the  body-cavity  by  meanM  of  numerous  ciliate  funnelw  (nephro- 
stomes),  whereas  in  all  Amniota  the  mesonephric  tubules  early 
surrender  theij"  genetically  established  connection  with  the  body- 
cavity  through  the  disappearance  of  the  ciliate  funnels. 

16.  The  permanent  kidney  (metanephroa)  is  the  latest  to  be 
formed  and  takes  Its  origin  from  two  separate  parts  : — 

(a)  From  an  evaginatiou  of  the  end  of  the  meKonepbric  duct, 
which  furnishes  the  ui-etei-s,  the  pelvis  of  the  kidney,  and 
the  straight  urinary  tubules  (in  other  words,  the  efferent 
apparatus) ; 

(&)  Prom  a  renal  blastema,  which  represents  a  backward  pro- 
longation of  the  mesonephric  blastema,  has  the  same 
origin  as  the  latter,  and  is  converted  into  the  tortiiouB 
urinary  tubules  with  the  Malpighian  corpuscles  (therefore 
the  secretory  part  of  the  kidney). 

17.  The  fundaments  of  the  kidney,  whicli  have  aiisen  far  back  in 
the  body,  rapidly  increase  in  size  and  undergo  a  change  of  position 
by  moving  farther  forward  by  the  side  of  the  primitive  kidneys, 
whereby  thu  ureter  liecomoa  wholly  detacheil  from  the  mesonephric 
tiuot  and  moves  to  the  posterior  [dorsal]  surface  of  the  allantois,  the 
future  urinary  bladder. 

18.  In  the  non-amniotic  Vertebrates  the  mesonophros  also  gives 
rise  by  a  procosa  of  Sssion  to  the  Miillerian  duct,  which  runs 
parallel  with  it. 

19.  In  the  Amniota  the  relation  of  the  Miillerian  duct  to  the 
mesonephric  duct  is  still  uncertain,  hocaust^  the  front  end  of  tlie  former 
is  established  by  a  groove-like  depression  of  the  epithelial  invest- 
ment on  the  latoral  face  of  the  nieaonephiioB,  while  concerning  the 
remaining  part  it  is  still  undetermined  whether  it  grows  backwards 
independently  or  Ls  constricted  off  from  the  mesonephric  duct. 

20.  The  sexual  glands  pi^oceed  from  two  fundaments  :— 

(a)  From  a  germinal  epithelium,  a  modified  part  of  the  epithelium 
o(  the  body-cavity,  located  on  the  median  face  of  the 
primitive  kidney ; 

(6)  From  the  sexual  conis,  which  grow  out  towai-d  the  germinal 
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epithelium  from  the  adjacent  part  of  the  primitive  kidney 
(in  Heptiles  and  Birds  from  the  epitheliiim  of  Malpighian 
glomeruli). 

21.  The  specific  components  of  the  sexual  glands,  the  eggs  and 
seminal  cells,  arise  from  the  germinal  epithelium  (with  its  primitive 
ova  and  pnmitive  seminal  cells). 

22.  In  the  female  there  arise,  in  consequence  of  a  process  of 
mutual  intergrowth  on  the  part  of  the  germinal  epithelium  and  the 
subjacent  stroma,  the  tubes  of  PflDger  and  egg-balls  (or  nests),  and 
out  of  these  finally  egg-follicles,  containing  each  a  single  ovum ;  in 
the  male  there  are  formed,  in  consequence  of  a  similar  process,  seminal 
ampull»  (Selachians,  some  Amphibia)  or  seminal  tubules  (tnbuli 
seminiferi)  with  their  seminal  mother-cells. 

23.  The  sexual  cords  of  the  primitive  kidney  participate  in  the 
composition  of  the  medullary  substance  of  the  ovary  as  medullary 
cords ;  in  the  testis  they  unite  with  the  seminal  ampullae  or  seminal 
tubules  and  furnish  the  tubuli  recti  and  the  rete  testis,  consequently 
the  initial  part  of  the  outlet  for  the  semen. 

24.  The  ovarian  follicles  are  composed  of  a  centrally  located  ovum, 
an  envelope  of  follicular  cells,  and  a  vascular  connective-tissue  capsule 
(theca  folliculi). 

25.  In  Mammals  the  ovarian  follicle  is  converted  into  a  Qraafian 
follicle  by  an  increase  in  the  number  of  follicular  cells  and  by  their 
secreting  between  them  a  follicular  fluid.  (Discus  proligerus,  mem- 
brana  granulosa.) 

26.  The  Graafian  follicles,  after  the  elimination  of  the  mature  ova 
into  the  abdominal  cavity,  become  the  so-called  yellow  bodies  in  the 
following  manner :  blood  flows  out  of  the  ruptured  blood-vessels 
into  their  cavities,  and  both  the  follicular  cells  left  behind  and  the 
connective-tissue  capsule  undergo  proliferation  accompanied  by  an 
emigration  of  white  blood -corpuscles  (true  and  false  corpora  lutea). 

27.  The  yellow  bodies  subsequently  cause  by  their  scar-like  shrivel- 
ling the  cicatriculo)  and  callosities  on  the  surface  of  old  ovaries. 

28.  The  canals  and  glands  of  the  urogenital  system,  which  are  at 
first  established  in  the  same  form  in  both  sexes,  are  afterwards 
differently  employed  in  the  male  and  female  and  undergo  a  partial 
degeneration. 

29.  In  the  male  the  mesonephric  duct  becomes  the  vas  deferens, 
in  the  female  it  becomes  rudimentary  (Gartner's  duct,  in  many 
Mammals). 

30.  The   Miillerian  duct  assumes  in  the  male  no  function,  and 
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ooly  tnconRpiciiouB  remnants  of  it  nre  li'ft  at  itx  ends  (hjilatid  of 
the  epididymia  and  sinus  proBtatkiis  or  uterus  masciiliiiiiH) ;  in  the 
female  it  becomes  the  efferent  nppn.i'attts  of  the  ovury, — the  ivnt«rioi- 
part  the  oviduct,  the  posterior  part  the  ut«ruB  and  vagina,  the  latter 
resulting  from  the  fusion  of  the  ductf  of  the  opposite  niiles  of  thi' 
body  as  far  as  they  are  enclosed  in  the  genital  cord. 

31.  In  the  male  the  anterior  portion  of  the  primitive  kidney 
(meeonephros) — having  united  with  the  seminal  tubules  by  means 
of  the  sexual  coi-ds— peiiastfl  as  the  epididymis ;  the  remainder  de- 
gpnernt«s  into  thi-  paradidymis.  In  the  female  both  parts  degenerate 
into  epobphoron  and  paroophoron,  which  correspond  respectively  to 
the  epididymis  and  paradidymis  of  the  male. 

33.  The  eezual  glands,  which  are  originally  established  in  the 
lumbar  region,  gradually  move  with  their  outlets  downward  toward 
the  pelvic  cavity.  (Descensus  teaticulorum  et  ovarionim.  Oblique 
couise  of  the  spcnnatic  arteries  and  veins.) 

33.  In  the  migration  of  the  sexual  glan<lH  a  rfilc  appears  to  be 
played  by  the  inguinal  ligament,  which  passes  from  the  primitive 
kidney  iindemeath  the  peritoneum  to  the  inguinal  region,  penetrates 
through  the  wall  of  the  abdomen,  and  ends  in  the  skin  of  the  genital 
ridges  that  surround  the  cloaca.  (Gubernaenlum  Huntori  in  tin* 
male ;  round  ligament  an<l  ligamentum  ovarii  of  the  female.) 

34.  The  testis  is  received  some  time  before  birth  into  the  scrotum, 
an  appendage  of  the  body-cavity ;  the  scrotum  owes  its  origin  to  the 
fact  that  the  peritoneum  formw  an  evogination  (processiw  vaginalis 
peritonei)  through  the  wall  of  the  abdomen  into  the  genital  ridges, 
and  that  nftcrwardx  the  evagination  is  completely  cut  off  from  the 
body-cavity  by  the  closure  of  the  inguinal  canal. 

35.  The  layera  of  the  scrotum  or  the  envelopes  of  the  testes  corre- 
itpoiid,  in  aceoriiancp  with  their  development,  t«  the  separate  layers  of 
the  body-wnll,  as  is  shown  in  the  following  comparative  summary  : — ■ 

Snvrhpes  of  l/ie  Testnt. 
Scrotum  with  tunica  darlos. 
CoopEk's  fascia. 
Tunica  vaginalis  communis  with 

oremaster. 
Tunica  vaginalis  propria  (parietal 
and  visceral  layers). 
3G,  The  external  sexual  organs  ai-e  developed  in  man  ntnl  won 
from  the  wairn'  kinds  of  fundjiments in  the  neigh lioihooil of  thr  clun 


Wall  of  the  Alxtomtn. 
Skill  of  the  abdomen. 
Superficial  abdomimil  fascia. 
Muscle-layer  and    fascia    trans- 
versa abdominis. 
Peritoneum. 
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37.  The  term  cloaca  is  applied  to  a  depression  at  the  hinder  end  of 
the  embryo,  into  which  open  the  hind  gut  and  the  allantois,  after 
the  latter  has  received — on  the  posterior  face  of  its  attenuated 
terminal  part,  the  sinus  iirogenitalis — the  closely  approximated 
Miillerian  and  mesonephric  ducts. 

38.  The  cloaca  becomes  divided  by  projecting  folds,  which  unite 
to  form  the  perinseum,  into  an  anterior  [ventral]  and  posterior 
[dorsal]  portion,  of  which  the  former  is  the  prolongation  of  the 
sinus  urogenitalis,  the  latter  the  prolongation  of  the  intestine 
(anus). 

39.  At  the  anterior  margin  of  the  cloaca,  or,  after  completed 
separation,  at  the  anterior  rim  of  the  sinus  urogenitaHs,  there  is 
found  in  both  sexes  the  genital  eminence,  which  bears  along  its 
under  surface  a  groove  flanked  by  the  two  genital  folds ;  the  eminence, 
together  with  the  opening  lying  under  it  (cloaca  or  sinus  urogeni- 
talis), is  embraced  by  the  genital  ridges. 

40.  In  the  female  the  genital  eminence  remains  small  and  becomes 
the  clitoris,  the  genital  folds  become  the  labia  minora,  the  genital 
ridges  the  labia  majora;  the  sinus  urogenitalis  remains  short  and 
broad  and  represents  the  vestibulum,  which  receives  the  vagina  (the 
end  of  the  Miillerian  ducts)  and  the  external  oriflce  of  the  allantois 
or  urinary  bladder,  the  female  urethra. 

41.  In  the  male  the  genital  eminence  grows  out  to  a  great  length 
as  the  male  organ  ;  the  genital  folds  close  on  their  iinder  surface  to 
form  a  narrow  canal,  which  appears  as  a  prolongation  of  the  narrow 
sinus  urogenitalis,  together  with  the  latter  is  designated  as  the 
male  urethra,  and  receives  at  its  beginning  the  vas  deferens  and  the 
uterus  masculinus  ;  the  two  genital  ridges,  which  increase  in  size  for 
the  reception  of  the  testes,  suiTound  the  roots  of  the  male  organ  and 
unite  to  form  the  scrotum. 

42.  The  following  (able  gives  a  brief  survey  (1)  of  the  compar- 
able parts  of  the  outer  and  inner  sexual  organs  of  the  male  and 
female,  and  (2)  of  their  derivation  from  indifferent  fundaments  of 
the  urogenital  system  in  Mammals  : — 


Male  aexual  paHt. 

Seminal  ampnllft3  and  seuii- 
Dftl  tubules. 

(o)    Epididymis    with     rete 

teBtis  and  tubuli  recti. 
(6)  PaiBtlidTniis. 


Th,c<»nmon  form /ram  which  |  p^maU  iexual  part.. 

both  ansf. 

Germinal  epithelium.  [    Ovarian     follicle,     Graafian 

follicle. 
Primitive  kidney. 

(a)  Anterior   part  with  the       (a)  EixM>phoron  with  mednl- 
eexual  cords  (sexual  iiart).  i       laiy  cords  of  the  ovary. 

(b)  Poeterior  jiart  (the   real  j    (6)  Paroophoron, 
moeonephrio  partX 


KidMjrud  nniiir. 
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43.  The  most  unterior  part  of  the  mesotiephroH  appears  to  share 
ill  the  development  nf  the  Kiipiiiri'iiiil  bodies,  since  luteml  brftnehea 
Hprout  out  from  the  sexual  cords,  betouie  dutju:he<l,  and  ni-e  converted 
into  the  ppciiliar  cellular  cords  of  the  corticul  KubBlnnce, 

44.  The  suprarenal  bodies  in  the  embryo  for  a  time  exceed  in  size 
the  kidneys. 
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CHAPTER  XVI. 
THE  ORGANS  OF  THE  OUTER  OERM-LAYER. 

The  outer  germ-layer  has  for  a  long  time  also  borne  the  name 
dermo-sensory  layer.  By  this  its  two  most  important  functions  are 
both  indicated.  For  in  the  first  place  it  forms  the  epidermis  together 
with  its  various  products,  such  as  hair,  nails,  scales,  horns,  and 
feathers ;  and  in  addition  various  kinds  of  glands :  the  sebaceous, 
sweat-  and  milk-glands.  Secondly,  it  Ls  the  matrix  out  of  which 
the  nervous  system  and  the  most  important  functional  parts  of  the 
sensory  organs,  the  optic,  auditory,  and  olfactory  cells,  are  derived. 

I  begin  with  the  most  important  function  of  the  outer  germ-layer, 
the  development  of  the  nervous  system,  then  proceed  to  the  develop- 
ment of  the  organs  of  sense  (eye,  eiir,  and  organ  of  smell),  and  finally 
discuss  the  development  of  the  epidermis  and  its  products. 

I.  The  Development  of  the  Nervous  83rstem. 
A,  T/ie  Det^elopmetU  of  the  Central  Nervous  Systetn, 

The  central  nervous  system  of  Vertebrates  is  one  of  the  organs 
first  established  after  the  separation  of  the  germ  into  the  four 
primary  germ-layers.  As  has  already  been  stated,  it  is  developed 
(fig.  41  ^1)  out  of  a  broad  band  of  the  outer  germ-layer  {mp),  which 
sti'etches  from  the  anterior  to  the  posterior  end  of  the  embryonic 
fundament  and  lies  in  the  median  plane  directly  above  the  chorda 
dorsalis  (ch).  In  this  region  the  cells  of  the  outer  germ-layer  grow 
out  into  long  cylindrical  or  spindle-shaped  structures,  whereas  the 
elements  occurring  in  the  surrounding  parts  (ep)  flatten  out  and 
under  certain  conditions  become  altogether  scale-like.  Consequently 
the  outer  germ-layer  is  now  divided  into  two  regions — into  the 
attenuated  ^>riwit7ive  epidermis  (Hornblatt)  (ep)  and  the  thicker 
me<lian  iieural  or  viedidlary  plate  (inp). 

Both  regions  are  soon  sharply  si^parated  f i*om  each  other,  suice  the 
neural  plate  bends  in  a  little  (fig.  41  Z^)  and  its  edges  rise  above  the 
surfjice  of  the  germ.  In  this  way  there  arise  the  two  medullary  or 
dorsal  folds  (//«/),  which  enclose  between  them  the  originally  broad 
and  shallow  medullary  or  dorsal  fun^ow.  They  are  simply  folds  of 
the  outer  germ-layer,  formed  at  the  place  whore  the  neural  plate  Ls 
continuous  with  the  primitive  epidermis.  They  are  therefore  com- 
posed of  an  outer  and  an  inner  layer,  of  which  the  inner  belongs  to 
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f  the  m&rgi&al  part  of  the  aeural  plate,  the  outer,  on  the  couinu-y, 
I  to  the  adjacent  epidermis. 

I  Td  all  the  chisses  of  Vertebra tee<  the  tuedullucy  plate  is  traiisformed 
I  into  u  ii«uiid  tubs  at  a  very  early  periiHl.  Thiij  pi-ocesci  can  be 
I  ftcoomplished  in  three  different  ways.  In  most  of  the  cla»eH  of 
r  Vertebrates,  namely  Reptiles,  Birds,  iiiul  Miiminiilis,  the  tubo  in 
I  formed  by  a  typital  process  of  folding.  The  medulUry  foldis  rLse 
[  still  higher  above  the  surface  of  the  germ,  then  bend  together 
toward  the  median  planu,  and  grow  toward  each  other  until  thpir 
I  edges  meet,  along  which  they  then  begin  to  fuse.  The  neural  tube, 
L  thus  formed,  still  continues  to  remain  in  conneetion  with  the  over- 
I  lying  epidermi:!  along  the  line  of  fusion,  a  connection  which  soon 
L  disappeaiti,  since  the  conne<:ting  L«lla  become  loosened  and  Kei>nrule<l 
I  from  one  another  (fig.  41  C).  The  cloaure  begiua  in  iJI  VortabratfS 
I  at  the  place  which  cotTesponds  appi-usimately  to  the  Eiitiu-e  mid-brain 
I  — in  the  Chick  (lig.  87  hb'')  on  the  second  and  in  the  Itivbbit  ou  tliu 
[  niutli  day  of  development — and  from  thei-e  proceeds  slowly  both 
I  backwards  and  foi-wards.  TJiere  is  retained  for  a  long  time, 
I  especially  beliind,  a  place  where  the  neural  tnbe  is  open  t<i  the 
I  exterior.  A  connection  with  the  intestinal  Lube  by  means  of  the 
I  ueurenteric  canal  also  exists  at  the  posterior  end,  ils  has  been  ah-eody 
[  mentioned  (p.  126)  in  the  discussion  of  the  germ-layers.  It  in  only 
I  ftt  a  later  period  that  thb  connection  is  interrupted  by  the  clotdng  of 
L  tlie  blastoiMre, 

I  The  wcovd  type  in  the  development  of  the  central  nervous  system 
t  is  met  with  in  Oyclostouiesand  TeleoHts.  In  them  the  neural  plate 
I  IB  transformed  into  a  solid  coiiI  of  coIIb  instead  of  a,  tube.  Instead  of 
I  the  folds  rising  up  over  the  surface  of  the  germ,  the  netu'al  plate 
I  grows  downward  in  the  form  of  a  wedge.  In  this  way  the  right 
[  Mtd  left  halves  of  the  plate  come  to  lie  immediately  in  contact  with 
I  each  other,  so  thiit  one  cannot  find  the  slightest  trace  of  a  space 
1  between  them ;  only  after  the  coi-d  of  cells  has  beon  constricted  off 
I  from  the  primitive  epidermis  do  the  halves  Keparat«  and  allow  a 
b  small  cavity,  the  central  canal,  to  appear  between  them.  Pi-eliahly 
W  this  modification  in  the  Bony  Fishes  and  CycloBtomes  is  coniiicteil 

■  with  the  fact  that  the  egg  with  its  abundant  yolk  is  very  cliMScly 
Eimveluped  by  the  vitelline  menibi-ane,  as  a  result  of  which  the 
I  medullary  folds  cannot  rise  toward  the  curfaco. 

I       The  third  modijumtum  occurs  only  in  Ampbioxus  lanceolatus,     It 
^luU(  already  been  described  briefly  in  anothei-  place  (p.  109), 
t       The  neural  tube  ntaiiiM  an  undillercintiat«il  condition  in  Auipliioxux 
I  27 
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Innceotiitiis  only  ;   in  all  other  Vei'tebmbes,  on  tbe  oontrary,  : 
iliirei-entisted  into  epLnal  cord  and  brain. 

(a)  The  Develoymetit  oj  ihe  Sjnwd  Ctn-d. 

The  part  of  the  oeural  tube  which  is  converted  into  the  Npinatl 
cord  in  oval  in  cross  aection  (fig.  200),     At  an  early  period  a  separa- 
tion into  a  right  and  left  half  con  be  recognised  (fig.  232),     ¥qs 
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the  lateral  walls  are  gi'eatly  thickened  and  consist  of  severul  layetv 
of  long,  cytindrical  ci'llh,  whereim  the  upper  and  lower  walla  are  thiii 
anil  <»n  be  diHtiuguished  respectively  us  postiTior  [doi-sal]  and  anterior 
eoatmiasare  (he  and  vc),  or  as  roof-plate  and  Jloor-jilaU. 

The  further  development,  of  which  1  xhull  mention  only  the  mot 
important  points,  takes   place  in  such  a  manner  that  the  late 
halves  become  thicker  and  thicker  (hg.  233),     llie  cells  continue  tik| 
increase  in  number  by  diviuon,  and  at  the  same  time  to  be  differ 
eutiated  into  two  hiHtological  groupn — (1)  into  elements  wluch  proridn 
the  BUstentittivH  framework,  the  epithelium  iiurrounding  the  centra 


1 
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canal  und  the  8[xiDgiosa  (spoil gioblaaU  of  Hib),  Hud  (2)  into  elements 
which  are  transformed  into  ganglionic  cells  and  neiTe-fibrea  (neuro- 
blatitH  of  His).  The  thickening  of  the  lateral  wiilla  depends  partly 
upon  the  multipliciitioD  of  cells,  but  mainly  upon  the  fact  that  nerve- 
fibrcH  apply  themselves  to  tlm  cell-ma^  from  the  outside.  In  time 
thewe  libnw  are  separated  into  the  jinterior,  lateral,  and  posterior 
columns  of  the  spinal  cord  (lig.  233  pew,  low,  aew).  At  tlieir  fintt 
appearance  thenerve- 
fibres  are  non-medul- 
lated  {fig.  232  n/), 
and  only  subse- 
quently, sometimes 
earlier,  sometimes 
later,  acquire  a  me- 
dullaiy  sheath.  In 
thiii  manner  the  al- 
ready conaiderably 
thickened  halves  of 
the  spin  It  1  cord  be- 
come differentiated 
into  the  central  gray 
substance  containing 
the  ganglionic  cells, 
and  into  the  white 
eubstance,  which  en- 
velops the  surface  of 
the  former  like 
mantle. 

Since,  meanwhile, 
the  roof-  and  floor- 
plates  grow  only  a 
little  and  are  not 
differentiated       into 

ganglionic  cells,  they  come  to  lie  deeper  and  deeper  at  the  bottom 
of  aiiierior  and  jHmleriur  IvtujUwlinal  furrowa  {c  and  of).  Tinally, 
the  completely  formed  spinal  i-ord  l^  tomposi-d  of  large  lateral  halves, 
which  are  separated  fi-om  eiicli  othtr  by  deep  anterior  and  posterior 
longitudinal  (issiuts,  Iwing  uiilt«l  only  die p  down  by  a  thin  trans- 
vsTMe  biidge,  Thu  latter  iB  derived  fi-om  the  roof-  and  floor-platee, 
which  have  been  retarded  in  their  growth,  and  encloijes  in  its  middle 
the  central  ciimU,  wliich  has  also  remiiined  small. 


lit.  m.-OrsH  •• 
OUiksf  ona 
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At  the  beginning — in  Man  up  to  the  fourth  month  of  embryonic 
development — the  spinal  cord  occupies  the  entire  length  of  the  body. 
Therefore,  at  the  time  when  the  axial  skeleton  is  divided  up  into 
separate  vertebral  regions,  it  reaches  from  the  first  cervical  down  to 
the  last  coccygeal  vertebra.  The  end  of  the  spinal  cord,  however, 
does  not  even  begin  to  develop  ganglionic  cells  and  nerve-fibres,  but 
remains  throughout  life  as  a  small  epithelial  tube.  It  is  united  to 
the  larger  anterior  portion,  which  has  developed  nerve-fibres  and 
ganglionic  cells,  by  means  of  a  conically  tapering  region,  which  is 
spoken  of  in  descriptive  anatomy  as  the  oonu8  meduUaria. 

As  long  as  the  spinal  cord  keeps  pace  with  the  vertebral  column 
in  its  growth,  the  pairs  of  nerves  arising  from  it,  in  leaving  the 
vertebral  canal,  pass  out  at  right  angles  directly  to  the  intervertebral 
foramina.  In  Man,  beginning  with  the. fourth  month,  this  arrange- 
ment is  changed ;  from  that  time  forward  the  growth  of  the  spinal 
cord  does  not  equal  that  of  the  spinal  column^  and  therefore  the  oord 
can  no  longer  occupy  the  entire  length  of  the  vertebral  canal.  Since 
it  is  attached  above  to  the  meduUa  oblongata,  and  this  together  with 
the  brain  Ls  firmly  held  in  the  cranial  capsule,  it  must  assume  a  higher 
and  higher  position  in  the  vertebral  canal.  In  the  sixth  month  the 
conus  medullaris  is  found  in  the  upper  end  of  the  sacral  canal,  at  birth 
in  the  region  of  the  third  lumbar  vertebra,  and  some  years  later  at 
the  lower  edge  of  the  first  lumbar  vert<.'bra,  w^here  it  terminates 
even  in  the  adult. 

In  the  ascent  (ascensus  medullar  spinalis)  the  lower  end  of  the 
spinal  cord,  the  small  epithelial  tube  which  is  attached  to  the  coccyx, 
is  drawn  out  into  a  long,  fine  filament,  which  persists  even  in  the 
adult  as  the  jUmn  Urmimile  internum  and  externum.  At  fiirst  it 
presents  a  small  cavity,  which  is  lineil  by  ciliated  cylindrical  cells, 
and  wliich  forms  a  continuation  of  the  central  canal  of  the  spinal 
cord.  Further  downward  it  is  continued  in  the  form  of  a  cord  of 
connective  tissue  as  far  as  the  coccyx. 

A  second  conseiiuence  of  the  jiscent  of  the  spinal  cord  is  a  chanye 
in  the  course  of  the  roots  of  the  peripheral  nerve-stems.  Since,  together 
with  the  spinal  cord,  their  points  of  origin  come  to  lie  in  the  spinal 
canal  relatively  neai*er  and  nearer  the  head,  and  since  the  places  where 
they  pass  through  the  intervertebral  foramina  do  not  change,  they 
are  compt^lled  to  inuss  from  a  transverse  to  a  more  and  more  oblique 
course.  The  obliquity,  moreover,  is  greater  the  farther  down  the 
nerve  leaves  the  vertebral  canal.  In  the  nec^k-region  their  direction 
is  still  ti-ansverse,  in  the  thomcic  region  it  begins  to  be  more  and 
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more  rblique,  and  finally,  in  the  lumbar  region,  and  still  more  so  in 
the  Baoral,  it  is  more  sharply  downward.  On  this  account  the  ncpve- 
Htemx  arising  from  the  last  part  of  the  Kpitial  «n-d  come  to  lio  for  u 
oonsiderable  dixtance  in  the  vertebral  canal  hefoi'e  they  reach  the 
sacral  foramina  serving  for  their  exit ;  they  therefore  Murronnd  the 
a  medallaris  and  filum  terminnle,  forming  the  etructiiro  known 
a«  the  horse-tail  or  caiida  equina. 

Fin&lly  the  spinal  cord  undergoes  Home  changes  in  it^  form  also. 
Even  in  the  third  and  fourth  months  there  appear  differences  of  calibre 
a  different  regions.  The  places  in  the  cervical  and  lumbar  regions 
of  the  spinal  cord  at  which  the  peripheral  nerves  depart  to  the  anterior 
and  posterior  extremities,  grow  vigorously  by  the  abundant  formation 
of  ga:iglionic  cells  ;  they  become  considerably  thicker  than  the  adjoin- 
ing portions  of  the  cord,  on  account  of  which  they  are  diitinguisbed 
OH  cermcai  and  lumbar  enlargemenU  (intumesceutia  cervicalis  et 
lumbalis). 

(A)  The  Devefopm^t  of  tlie  Brain. 

By  the  study  of  embryology  Imowledge  of  the  anatomy  of  the 
brain  has  been  greatly  promoted.  Justly,  therefore,  in  all  recent 
text  books  of  human  anatomy,  the  embryonic  condition  serves  aa 
the  starting-point  in  the  description  of  the  intricate  structnre  of  the 
brain,  the  aim  being  to  derive  the  complicated  ultimate  conditions 
from  the  more  wimple  embryonic  ones,  and  to  explain  them  by  means 
of  the  latter. 

The  initial  form  of  the  brain  as  well  aa  of  the  xpinal  cord  is  a  simple 
tutw.  At  an  early  peiiod,  even  Ijefore  it  is  everywhere  closed,  it 
beoomes  metameric,  on  account  of  its  growth  being  greater  in  some 
re^ons  than  in  others.  By  means  of  two  eonstrictions  of  its  lateral 
walls  it  is  divided  into  the  thrte  privtary  brain-veaiele*  (fig.  87  AA',  hh*, 
AA*),  which  I'emain  united  with  one  another  by  means  of  wide  openings, 
ftnd  are  designated  as  the  fore-,  mid-,  and  hind-brain.  The  posterior 
<rf  these  divisions  is  the  longest,  gradually  tap'ring  and  becoming 
continuous  with  the  tubular  spinal  cord. 

The  fimt  stage  is  quickly  followed  by  a  teeoTul,  and  that  by  a  third, 
since  the  primary  brain-vesicles  soon  separate  into  four,  and  finally 
five  divisions. 

During  the  aeeorul  attvje  (Gg.  334)  the  lateral  walla  of  the  primary 
fot^-brain  (;ji'A)  begin  to  grow  ontwai-d  more  vigorously  and  to 
eraginate  to  form  the  two  optic  veeicles  (au).     At  the  same  time  the 


lateral  wall»  of  tlie  bind-bmin,  which  from  the  heginning  has  been 
the  longest  portion,  atxjuire  a  constriction  which  divides  the  hind- 
brain  into  two  vesieleg,  that  of  the  eere- 
heUum  (kh)  and  the  medulla  (nA),  or 
after-brain. 

The  five-fold  aegmentation  of  the 
neiiml  tul)e  (fig.  235)  soon  succeeds 
the  four-fold  oonditios;  hy  meanK  of 
it  the  fore-brain  vesicle  undergoes 
fundamental  transformationti.  First, 
the  primary  optic  vesicles  (an)  begin 
to  be  comitricted  off  from  the  fore- 
brain  vesicle,  until  they  remain  at- 
tached by  only  slender,  hollow  stalks. 
Since  the  constriction  takes  place 
mainly  from  above  downward,  the 
Rtalkx  remain  in  connection  with  the 
baap  of  the  fore-brain  vetdcte.  The 
front  wall  of  the  veracle  then  b^ns 
to  protrude  anteriorly,  and  to  be 
marked  off  by  means  of  a  lateral 
furrow,  which  runs  from  above  and 
behind  obliquely  downward  and  for- 
ward. In  this  manner  the  primary 
vesicle  of  the  fore-brain,  like  the 
hind-brain  vesicle,  is  secondarily  di- 
^-ided  into  two  portions,  which  we 
primitici  arfmicnL  can    now    distinguish    as   the    veiielei 

of  Uu  certhrum  and  the  helv>een-hrain 
{ijh,  3/1).  The  optic  nervw  remain  united  with  the  base  of  the  latter. 
The  vesicle  of  the  corebriiin  is  diBtinguished  by  a  very  rapid 
growtli,  and  soon  begins  to  surpass  all  the  other  parts  of  the  brain 
in  size.  But  it  l)ecomes  divided  before  this  into  right  and  left  halves. 
From  the  connective  tissue  enveloping  the  neural  tube  there  grows 
down  in  the  mi-dinn  piano  a  process,  the  future  falx  cerebri.  This 
growth  advances  from  above  and  in  front  againKt  the  cerebral  vesicle 
and  dneiily  infolds  itw  upper  wall.  The  halves  (fig.  236  hmt)  that  have 
thus  arisen  nre  united  at  their  liases ;  they  present  a  more  flat  median 
and  a  convex  outer  surface,  and  are  called  the  tiro  veticUt  of  the  hemi- 
tpheret,  since  they  furnish  the  foundiktion  for  the  cerebral  hemisphei'es. 
The  separate  regions  of  the  brain-tube  produced  by  constrictioiiB 


ini.        Hiig7iia«l 
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and   oviigitMitionN   snl>M«iiieiitly  become  still  moi-e  sharply  mnrked 
oft  from  one  anotlitr,  owing  to  the  iiltertitJon  of  thrir   pueiitionH. 


7IC.IM.~BraiB<fKhi»uaibf7>>rtk«ttd>d«Mk(M.    ProBle  »( 

loutra 

iDu.    AfurH 

pi:  OmhnU  r^n^  :  =*.  IW.wo-hrain  vnriclir :  «*.  roiJ-bmin  Tatol. 

At  the  beginning  the  three  brain- vesicles  formeil  by  the  first 
conBtrictionx  lie  in  a  straight  line  one  behind  the  other  (fig.  S7)  nnd 
above  the  chorda  doi-saliH ;  the  latter  extends 
only  hh  far  ns  to  tho  anterior  end  of  the  niid- 
hntin  vesicle,  where  it  tapers  to  a  point.  But 
from  the  moment  when  the  optic  vesicles  begin 
to  be  constricted  ofT,  tho  thn-e  primary  vesicli* 
fibift  their  poRttionH  in  such  a  way  that  the 
longitudinal  axis  uniting  them  undergoes  xharp, 
chnntct^rixtic  folds,  which  are  distinguished  as 
the  cephalic,  poiital,  and  nudud  ftexupes  (fig. 
2S6  l(h,  nb). 

The  cause  of  tlie  formation  of  the  cnrvatures, 
which  are  of  fundamental  importance  in  the 
anatomy  of  the  brain,  is  to  be  sought  princi- 
pally in  the  more  vigomns  longitudinal  gi«wth 
which  distinguiKhes  the  cerehml  tube,  and  more 
eapecially  its  dorsal  wall,  from  the  surrountUng 
parts.  As  His  has  established  by  meann  < 
mensitrements,  the  fundament  of  the  brain  more 
than  doubles  its  length,  while  the  spinal  cord 
increases  by  only  about  one-sixth  of  its  length. 

The  cfphidic  Jlexurf  (fig.  235  Icb)  is  developed  first.  The  floor  of 
the  fore-brain  sinks  downward  a  little  around  the  anterior  end  of  the 
chorda  dorsiiHs  (fig.  237  ch),  and  forms  at  first  a  right  angle  with 


brum  1  r",  tiilrd  Tontrlola,  tlut  sf  tbg  baCveeii- 
bnin :  I'*,  twirtli  vcntrlcla,  Uirit  of  tho  bind-  anel 
■tbc-bnin ;  ck,  (sntnl  cnnal  uT  the  iiriiwl  cord. 
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the  part  of  tlio  Ixwc  of  tliv  lirniii  lyinf;  Ijehind  it,  but  nfterwaHs  an 
noiite  anglf  (figx.  '235,  238). 
In  consequence  of  this,  tbe 
venicle  of  the  mid -brain 
(fig.  235  mh)  comes  to  lit- 
highcKt,  and  forma  a  promi- 
nence, which  oauaeA  a  great 
protnifflon  of  the  (mrface  of 
the  embryo  and  ia  known 
nn  the  parietal  prominence 
(fig.  158  8). 

The  nu^shal_fltxur«,  which 
makea  its  appearance  at  the 
boundary  between  modolln 
oblongata  and  spinal  cord, 
is  lew  prominent  (fig.  235 
nb).  It  produces  in  the 
embryos  of  the  higher  Vit- 

tebrates  a   curvature   which   also   projects  outward,   the  so-called 

nuchal      prominence  «>.       ■).    •'  ^r         mi 

(fig.  168). 

Tlio    third    curva- 
ture, wliich  has  been 

designatod  by    K(JL- 

LIKER  an  thi-  pontal 

flexure  (fig.  239  hh), 

bocau^e  it   .aiises  in 

th(-  neighborhood 

of    the   future    ]>ons 

Varolii,   is,    on    tb<' 

contrary,     v.'ry 

marked.       It    i.s 

furt)icr  dintinguishod 

fi'oni  t))0  two  other 

curvittures  diitcriliiHl, 

by  tho  fiict  that.  '\U 

rt>nv(>xity  in  not  dt- 

rectjil     lowiird     thi' 

l«ck  of  tliii  I'Uiliryo, 

but  tiiwiii-d  \\n  ventnLl  .siile.     It  in  fi>rnie<I  Ix'twcen  tlie  floor  of  the 
*  [Vi>T  tfriiiiniilopy  of  the  regions  of  tlio  biain,  »eo  footnote,  p.  8B8.J 
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vesiclo  of  thi>  rerebnlliitn  nnd  thfit  oF  thtt  after-bmin,  and  hnn  the 
form  of  u  ridge  which  projects  ventrally  for  a  conniderable  difltaiiee, 
where  sulinequentljr  the  transverse  fibres  of  the  pons  Varolii  are 
Ofltahlisbed. 

The  extent  of  these  curvatures  is  very  different  in  the  various 
claesrs  of  Vertebrates.  Thus  the  cephalic  flexure  is  only  tdightly 
emphasised  in  the  lower  Vertebrates  (Cyclostomes,  Fishas,  Amphibia) ; 
it  is,  on  the  contrary,  much  greater  in  Keptilett,  Birds,  and  Mammals  ; 
but  in  Man  sHpecially,  whose  liraio  is  the  most  voluminous,  all  of  the 
flcxiii-ea  are  developed  to  a  very  high  degi-ee. 

The  five  brain- vesicles  furnwh  tho  foundation  for  a  natural  sub- 
division of  tho  lirain,  whone  various  chief  divisions  can  be  referred 
hack  to  them.     As  the  study  of  the  further  development  teaches, 
there  are  foi-mcd  from 
the    after- brain   voaiclf 
the  medulla  oblongatn, 
from  the  vesicle  of  the 
cerebellum    the    vermi- 
form proceaa  with   the 
hetnisphereji  of  the  cere- 
bellum   and    tlie    pons 
Vai-oUi,  from  the  mid- 
brain vesicle  the  crum 
cerebri      and      corpora 
quadrigemina,  from  the 

between  -  brain     vesicle  centridej  «»,  pontoi  naiuni^  i>io.  meduiin  obiuu^u. 

the   between-brain 

[thalameacephalon]  with  the  infundibulum,  the  pineal  gland,  and  the 
optic  thalami,  and  finally  from  the  vesicle  of  the  cerebrum  the 
cerebral  hemispheres. 

In  this  mi>tamorpho»is  the  cavities  of  the  primitive  cerebral  tube 
become  the  so-called  verUridea  of  tho  brain  :  from  the  cavities  of  the 
fourth  and  fifth  vesicles  Ls  derived  the  fourth  ventiicle  or  fossa 
rhomboidalis ;  from  the  cavity  of  the  mid-brain  vesicle,  the  aque- 
duct of  Sylvius  ;  from  the  between-brain,  the  third  ventricle ;  and 
finally  from  the  cavities  of  the  heiaiapheres,  the  two  lateral  ventricles, 
which  are  also  designated  as  the  fii'St  and  second  ventricles. 

A  brief  sketch  will  suffice  to  show  in  what  manner  the  most 
important  parts  of  the  brain  develop  out  of  the  live  vesicular 
fnndauientH,  and  that  at  the  same  time  histological  and  morphological 
differentiations  are  most  intimatelv  tmsocinted. 


FIf .  nS.-Bnln  of  l  lUbblt  tmliiTa  IB  mni.  tone,  t 
ImBOuUttain.  T)u  ntn  nil  gf  lh<  lift  Mn 
Iifnuind.    AfMi  UinAiJiiivHe. 
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Histologically  considered  the  wa^ls  of  the  veBicles  originally  consist 
everywhere  of  closely  crowded  spindlo-shaped  («lls,  just  as  in  the 
spinal  cord.  These  cells  undergo  in  different  placets  unlike  modifica- 
tions. In  some  places  they  retain  their  epithelial  character,  and 
furnish  (1)  the  epithelial  covering  of  the  choroid  plexus  in  the  roof 
of  the  between-brain  and  after-brain,  (2)  the  ependyma  lining  the 
ventricles  of  the  brain,  and  (3)  follicular  structures  such  as  the 
epiphysis  (fig.  246).  On  the  greater  part  of  the  wall  of  the  five 
brain-vesicles  the  cells  multiply  to  an  extraordinary  extent,  and  are 
transformed  into  more  or  less  extensive  layers  of  ganglionic  cells  and 
nerve-fibres.  The  distribution  of  the  gray  and  white  substances  thus 
formed  no  longer  presents  in  the  brain-vesicles  the  same  uniform 
condition  that  it  does  in  the  spinal  cord.  The  only  uniformity  is 
found  in  the  fact  that  in  every  part  of  the  brain  there  occur  gray 
''  nuclei,"  which,  like  the  anterior  and  posterior  gray  columns  of  the 
spinal  cord,  are  enveloped  with  a  mantle  of  white  substance.  How- 
ever, there  are  added  to  the  two  parts  of  the  brain  that  have  attained 
the  greatest  development  layers  containing  ganglionic  cells,  which 
furnish  a  superficial  covering,  the  gray  cortex  of  the  cerebrum  and 
cerebellum.  By  this  means  the  white  substance  in  certain  parts  of  the 
brain  becomes  the  core  (nucleus  medullaris),  whereas  the  gray  portion 
becomes  the  cortex,  a  condition  differing  in  an  important  manner 
from  the  structure  of  the  spinal  cord. 

The  viorphological  differentiation  of  the  brain  depends  upon  the  very 
unequal  gro\oth  both  of  tJie  five  separate  vesicles  and  of  different  tracts 
of  their  waUs,  For  example,  the  other  four  vesicles  remain  in  their 
development  far  ])ehind  that  of  the  cerebral  vesicle,  in  comparison 
with  which  they  constitute  only  a  small  fraction  of  the  entire  mass  of 
the  bniin  (tigs.  240,  241).  They  become  overgrown  by  the  cerebral 
vesicle  from  alK)ve  and  on  the  sides,  and  envelojjed  as  by  a  mantle, 
so  that  they  remain  uncovered  and  visible  only  at  the  Imse  of  the 
bi*ain.  Thei'efoi-e  they,  together  with  a  small  part  of  the  liasal 
lx)rtion  of  the  cerebrum,  are  grouped  together  as  the  stalk  of  the 
(train,  in  contradistinction  to  the  remaining  chief  part  of  the  cere- 
brum, which  constitutes  the  cerebral  mantle. 

The  unequal  grmtjth  of  the  walls  of  the  brain  manifests  itself  in  the 
appearance  of  thickened  and  attenuated  places,  in  the  development 
of  special  nerve-columns  (pedunculi  cerebri,  cerebelli,  etc.),  and  in 
the  formation  of  more  or  less  extensive  layers  of  ganglionic  cells 
(thalamus  opticus,  corpus  striatum).  By  these  means  the  principle 
of  the  formrttion  offolds^  which  was  fully  described  in  the  fourth 
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chapter,  ib  nhown  to  he  carried  oat  in  a  special  manner  on  the 
heminiiheres  of  the  cereln-um  and  cerebelliini  int'timive  of  the 
vermiform  procf'ss, — thitt  is  to  nay,  on  tho  two  part*  of  the  hrain 
which  Ri^e  uovereJ  witli  a  gray  cortex.  That  the  functional  capacity 
of  the  cerebi-uin  and  cercbelhim  depends  upon  the  extent  of  tlie  gi'ay 
cortex  and  the  regularly  arranged  ganglionic  cells  in  it,  is  to  bo 
conchided  from  a  large  number  of  phenomena.  In  this  way  t* 
explained  the  very  extenaive  increase  of  surface  which  is  brought 
about  in  tlie  cerebrum  and  cerebellum  by  means*  of  somewhat 
different  processes  of  folding.  In  the  cerebrum  liraad  ridges  (gyri) 
arise  from  the  meduUitry  layer  of  the  hemiispherKi  (centrum  Remi- 
ovale),  which,  running  in  niAitulerinii  ci>niroluli(fns,  produce  the 
characteri.stic  relief  of  thi^  iiiirf^iri'  (fijr.  "^*i).     In  the  cerebellum  the 


ridges  proceeding  from  the  medullary  nncleui>  are  narrow, 
arranged  ■paridlel  to  one  another,  and  provided  with  Bmailer  aewtaor;/ 
(secondary  and  tertiary)  ridgea.,  so  that  the  cross  section  oF  tlie 
cerebellum  pret^enta  an  arborescent  figtu^  (arbor  vitie). 

If,  after  these  preliminary  remarks,  we  take  under  consideration 
the  metamorphoses  of  tho  five  vesicles,  we  may  dislinguish  on  each, 
as  MlllALKovK's  haa  done  in  his  monograph  of  the  development  of 
the  limin,  four  regions  :  ^fioor,  roof,  ami  tv-o  latend  part*.  We  shall 
begin  our  description  with  the  fifth  vesicle,  because  in  ita  structure 
it  approaches  most  closely  to  the  spinal  cord. 

(1)  Melainorphogig  of  ifie  Fifth  Brain-Veaklt. 
The  Jlftli    brain-vtgicle   exhibits  in   different  Vertebrates  at  the 

beginning  of  developmi-nt  (in  the  C'liick  on  the  second  and  third 
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<Ifty»)  faint,  rpfjiilar  infolilingn  fif  it.s  Intjirnl  walls,  by  mpann  of  which 
it  liecomes  MOpamtol  into  sovoral  MmiilliT  jmrts,  lying  one  behind  the 
other.  Inasmuch  im  these  afterward  disappciar  without  leiiving  nny 
trace,  no  great  importance  was  nacribed  to  them  by  the  earUer 
investigators  (Reuak).  Recently,  however,  several  peraons  have 
maintaintd   for  them   H  real   significance.     Rabl    and   BtBAmCK 


n(.Ml.— Iniasf  nhmuatBbnrafnntliaflnthUf  aftbtUasMth,  11tU»4!i 
plBH;  Tl)W«ttluB«dlui  nufuMsf  UiiiibttuU.  ultST  HiHtuioviiii.    Nitai 

tonnien  ut  Uohko  ;  frt,  tomlx  ;  tpl,  Hptaru  pellnoldum  ;  bal,  carpiu  caJlo 
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Fit.  ML  -Sniii  it  ■ 

■tWl  MlHAI.HOVII 

mip,  UnidtiMliniil  (1 


m 

liatirjs  rnm  tba  WMBd  btlf  sf  tht  thinl  m 


i-ccognL-<e  in  them  a  segmentation  of  the  brnin-tubo  whirb  is  relateil 
to  the  exit  of  cettiiin  rninial  nei-voK  and  is  of  importance  in  regard 
to  the  qiiGstioii  of  the  metamt'i-L'<m  of  the  entire  head-region.  The 
circumstance  tliat  the  folds  an-  so  transitory  apiMara  to  me  to  favor 
the  older  licw. 

In  the  further  development  of  the  vesicle  of  the  after-hnun  a 
distinction  arises  between  tlie  Qoor  and  side  walls  on  the  one  hand 
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and  the  ixwf  on  the  other.  The  former  (figs,  241,  242)  are  con- 
idderably  thickened  by  the  additiou  of  nervous  subtitaace  and  become 
eepirated  on  either  side  of  the  body  (in  Man  in  the  third  to  the 
tiLxth  montbti)  into  coliimnti,  which  ure  recogniHable  from  the  outeide 
because  they  are  separated  by  grooves  ;  these  are  the  extensions  with 
certain  modifications  of  the  three  familiiir  columns  of  the  eploal 
oord.  The  roof  of  the  vesicle  (fig.  235  r/  .ind  fig.  243  Dp],  on  the 
contraty,  produces  no  aerce-KubstaiQce,  retains  its  epithelial  Htnicttire, 
beoomes  stUl  thinner,  and  in  the  adult  consists  of  a  siogle  layer  of 
Wat  cells.  This  forms  the  only  covering  to  the  cavity  of  the  dorso- 
ventrally  compi-essed  vesicle  of  the  after-brain — the  fourth  venti'icle 
or  fossa  rhomboidaUs.  It  ia  firmly  applied  to  the  under  Kurfaco  of 
the  pia  mater,  and  with  it  proiiucea  the  posterior  c/toroid  plexus  (tela 
choi'oidea  inferior).  The  uame  choroid  plexus  baij  lieen  chosen 
because  the  pia  mater  in  this  i-egion  becomea  very  vaaciilar  and  in 
the  form  of  two  rows  of  branched  villi  grows  into  the  cavity  of  the 
after-brain  vesicle,  always  cariyinfj  before  it,  and  thus  infolding,  the 
thin  epithelial  roof. 

Laterally  the  roof-plate  or  the  epithelium  of  the  choroid  plexus  in 
continuotis  with  the  parts  of  the  brain-vesicle  that  have  been  meta- 
morphoeed  into  nervous  matter.  The  transition  ia  elfeiited  by  means 
of  thin  bands  of  white  nervous  substance,  which,  as  obex,  Uenia 
sinus  rhomboidalis,  velum  medidlnre  posterins,  and  pedunculus 
docculi,  surround  the  edge  of  the  fossa  rhomboidalis.  If  with  the 
pia  mater  one  strips  off  from  the  medulla  oblongata  the  poatarior 
medullary  velum,  the  epithelial  coveting  of  the  fourth  ventricle 
adhering  to  the  latter  will  natiimlly  be  removed  with  it,  In  this 
way  is  pi-oduced  the  posterior  brain-fiaanre  of  the  older  authors, 
through  which  one  can  penetrate  into  the  system  of  cavities  in  the 
brain  and  spinal  curd. 


(2)  Mflautorji/iotis  of  iJie  Fourth  Brain-VtBich. 

The  wall  uf  the  fourth  braiti-veside  undergoes  a  considerable  thick- 
ening in  all  its  parts,  and  surroundt>  its  cavity  in  the  form  of  a  riny 
d\ffersnli(Uett  iiito  neveral  reg^ioiia ;  the  cavity  becomes  the  anterior 
part  of  the  fosaa  rhomboidalis  (iiga.  243,  242,  241).  The  floor 
fumisliett  the  pona  (bb),  the  cross  iibres  of  which  become  evident  in 
the  fourth  month.  From  the  lateral  walls  arise  the  pedunculi 
oerebelli  ad  pontem.  Htii  U  i*  the  roo/CiuU  growt  to  an  extraordintiar'f 
extent  ami  ylvini  Co  the  eerebelliim  iu  clmracterialic  gUtiiip.     At  fij'st 
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it  appeoTH  an  a  thick  trangverae  ridge  (figs.  242,  243  kh),  which  orer- 
hangs  the  attenuated  roof  of  tho  medulla.     In  the  third  month  the 
middle  portion  of  the  ridge 
'^  acqiiiree  four  deep  trans- 

verse folds  by  the  ranking 
in  of  the  pia  mater  (fig. 
342),  and  in  this  way 
is  distinguished  as  the 
vermi/oTTn  prooeu  from 
the  lateral  partn,  which 
Htill  appear  smooth  (kh). 
From  this  time  forward 
the  lateral  parts  ontstrip 
3  middle  part  in  growth, 
Ige  out  at  the  mdes  as 
two  hemispheres,  and,  ac- 
quiring transverae  foldtt, 
in  the  fourth  month  be- 
come the  voluminous  hemispheres  of  the  cerebellum. 

Only  a  little  nerve-subatance  is  developed  where  the  roof  of  the 
fourth  brain-vesicle,  which  has  become  thickened  to  constitute  the 
vermiform  procoKN  and  hemispheres,  is  continuous  with  the  roof  of 
the  third  and  fifth  vc^uclex  (fig.  241).  Consequently  there  arise  here 
thin  medullary  lamellie,  which  serve  ax  a  trandtion  on  the  one 
hand  to  the  posterior  choroid  plexus,  and  on  the  other  to  the  lamina 
quadrigemina  {vh) — the  posterior  and  the  anterior  vdum  meduUare. 


m  :  tIL.  lonmta  oT  Mu 
fuld  of  (h«   chunfid   plfliiu  <ttl«iiu  cboroldviu 

otrBballniii  ;  i>ji.  n»f -|i1itt<  of  tha  fonith  Tsntiialc 
bbf  iviitdl  Oeiiirs  ■  .,to,  modiUlik  vbluDgBtA ;  mi 
mld'br«ln  (ofljibHllo  Qoxure). 


(3)  Melaimiriihotie  of  the  Third  or  Mid-brain   Veside. 

(Fige.  235,  243,  242,  241.) 

Tlie  miil-bniin  vevicle  is  tiie  titott  eonaervaltve  portion  o/tAe  embrt/- 
vHtc  iieui-at  tube,  the  I'lu-t  which  is  changed  least  of  all ;  in  Man  a 
Mmull  portion  only  of  the  brain  is  derived  from  it.  Its  walls  become 
imther  uniforaily  tliickcnod  on  all  sides  of  the  cavity,  which  is  narrow 
lind  bi^omes  tlie  aqveittict  of  Svi.viua.  The  hwc  and  lateral  walls 
together  riupply  the  crura  cerebri  and  subKtantia  perforata  poetenor- 
The  roof-plnte  (lig.  342  vh)  l)ecumes  tlio  corpora  quadrigemina, 
owing  to  the  appearance,  in  the  third  month,  of  a  median  furrow, 
and,  ill  the  fifth   month,  of  a  transverse  one  d'oesiug  it  at  right 
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Whereas  at  the  banning  of  the  development  the  mid-bi'am 
vehicle  (figs.  235,  243  rnA),  ns  a.  (loniseqtieiic^e  of  the  curvature  of  the 
ueiu'iil  tube,  octupiee  the  highest  position  nnd  producee  the  parielal 
pivmiiieiux  of  the  head  {fig.  158  «),  it  is  nftprwarda  covered  in  from 
above  by  the  other  pai-ts  of  the  bruin,  which  are  bt^coniLng  more 
volwminoHs,— the  cert-belhmi  and  cerebi-um, — and  is  crowded  down 
to  the  base  of  the  brain  (compiU'e  iig.  235  711A  with  fig,  211  r/i). 


(4)  Melaniorplctme  of  Uie  Second  or  Between-brain    VwieU. 

'ITie  haween-brain  vetiele  abfo  remains  small,  but  undergoes  n 
serieb  of  intei-esting  changes,  gince,  apiii-t  fi-oni  the  optic  vesicles, 
which  gi-ow  ont  from  its  walls,  two  other  uppeudagCB,  of  pi-oble- 
maticttl  meaning,  are  developed  from  it — the  pineiU  gland  uud  the 
hypophyas. 

In  the  case  of  the  between-brain  vesicle,  it  is  only  in  the  lateral 
walls  that  u  considerable  amount  of  nerve-substance  is  formed.  By 
this  means  the  walls  thicken  into  the  optic  thalami  with  their 
ganglionic  layers.  Between  them  the  cavity  of  the  veKicle  is  retained 
as  a  naiTOw  vertical  fissuita,  known  as  the  l/iird  iwtii-ick;  it  is 
united  with  the  fossa  rhomboidalis  by  means  of  the  aqueduct  of 
SiTLVius.  The  floor  ramaims  thin  and  at  an  early  period  becomes 
evaginated  downwards ;  it  thus  acquires  the  form  (ligs.  235,  241  tr) 
of  B.  short  funnel  (in/uiidibuluiit),  with  the  apex  of  which  is  united 
the  hypophysis,  soon  to  be  fully  de«'ribed. 

The  roof  jii'esents  in  its  metamorphosis  a  stiiking  similarity  to  the 
corresponding  pai't  of  the  aft«r-bmin  vesicle  (fig.  241).  It  peiviutn 
as  a  simple,  thin  epithelial  layer,  unites  with  the  very  vascular 
pia  matiT,^which  sends  out  in  this  case  also  villous  outgrowths 
with  capillary  loops  which  pass  into  the  third  ventricle, — and  together 
with  it  coiistitutex  the  antei-iw  choroid  plej:iu  {tela  ehoroidea  anterior 
or  mtperior).  When  111  witbdi-awing  the  piu  mater  tlie  choroid 
plexus  is  also  removed,  the  third  ventricle  is  oj^ned  ;  thus  is  [iroduced 
the  anterior  greai  Jiiuiure  of  the  Ifrain  through  which,  an  through 
the  structure  of  the  same  name  in  the  medulla  oblongata,  one  can 
penetrate  into  the  cavities  of  the  brain. 

The  agreement  with  the  mtilulla  oblongata  is  expressed  in  still 
another  point.  As  in  the  ciLSt-  of  the  latter  tliu  edges  of  the  roof- 
pbite  develop  into  thin  medullary  bunds,  by  means  of  which  the 
attachment  to  the  sides  of  the  fossa  i-lioiijl>oidaUs  is  accomplished,  so 
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here  also  the  epithelium  of  the  choroid  plexus  attaches  itself  to  the 
surface  of  the  optic  thalamus  by  means  of  thin  binds  consisting  of 
medullated  nerve-iibres  ^ta^nia;  thnlami  optici). 

Finally,  out  of  the  hindermost  portion  of  the  roof  of  the  between- 
brain  vesicle  a  peculiar  organ,  the  pineal  ylaml  (fig.  241  z),  takes  its 
origin  at  a  very  early  period,  in  Man  in  the  course  of  the  second 
month.  Since  in  recent  years  numerous  interesting  works  have 
appeared  concerning  it,  and  since  many  striking  discoveries  have 
been  brought  to  light  lx)th  in  the  case  of  the  Selachians  and  more 
especially  in  that  of  the  Reptiles,  I  will  di^scribe  it  at  some- 
what greater  length. 

The  Develofmient  of  the  Pineal  Gland  {EjnphyaU  cerebri). 

First  it  is  to  be  mentioncnl  that,  with  the  exception  of  Am})hioxus 
lanceolatus,  the  pineal  gland  (glandula  pinealis  s.  conarium)  is  not 
wanting  in  any  Vei-tebrate.  It  is  in  all  casi'S  formed  in  exactly  the 
same  way.  On  the  roof  of  the  between-brain,  where  it  is  continuous 
with  the  roof  of  the  mid-brain  or  the  lamina  quadrigemina,  there 
arises  an  evagination  (figs.  238  and  241  z)  which  has  the  shape  of  the 
finger  of  a  glove,  the  proceesua  pinealis  [epiphysis  cerebri],  the  apex  of 
which  is  at  first  directed  forward,  but  subsequently  backward.  In 
its  further  metamorphosis  there  appi'ar,  as  far  as  our  knowledge  at 
present  extends,  differences  of  considerable  importance. 

According  to  the  investigations  of  Eulers,  the  pineal  process 
attains  in  adult  Selachians  an  unusual  length ;  its  closed  end  swells 
into  a  vi'sicle,  which  penetrates  the  cranial  capsule  and  extends  out 
to  the  dermal  siu*face.  In  many  Selachians,  such  as  Acanthias  and 
Haja,  the  vesicular  end  is  enclosed  in  a  canal  of  the  cranial  capsule 
itself ;  in  others  it  lies  outside  between  the  cranial  capsule  and  the 
corium.  The  [proximal]  end  of  the  vesicle  is  united  to  the  between- 
brain  by  means  of  a  long  slender  canal. 

Manifold  conditions  are  met  with  in  Reptiles,  as  the  recent  investi- 
gations of  Spencer  have  taught.  These  conditions  permit  in  part  a 
direct  comparison  with  the  Selachians,  but  in  part  they  are  widely 
alterrd.  Here,  too,  the  pineal  gland  is  a  structure  of  considerable 
length,  the  periphenil  end  of  which  lies  far  away  from  the  between* 
brain  under  the  epidermis ;  it  passes  out  through  an  opening  in  the 
roof  of  the  skull  which  is  situated  in  the  ^mi'ietal  bone  and  is  known 
as  the  foramen  parietale.  The  position  of  the  latter  can  easily  be 
determined  on  the  head  of  the  living  animal,  because  at  this  place 
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the  dermal  sniitm  acquire  a  Hpecial  condition  and  form,  and,  above  all, 
are  transparent. 

In  i-egai'd  to  the  particular  form  of  ih<:  organ,  there  are  estentially 
three  typta  to  be  dinting iiinhed. 

In  uianj  Iteptiles,  e.g.,  in  Pliity  dactyl  lis,  the  pineal  gland  has  the 
same  structure  as  in  Sharks :  a  small  peripheral  vesicle,  which  i» 


I 


pcstiaa,  fliur  lliiuwi 

akh.  rorlMnl  Imrb  wIU 

toidilin  portLon  lA  Ih. 

ccmtlricud  gpwardfl  Ln 


enclosed  in  the  parietal  foramen,  in  lined  with  ciliated  cylindrical 
cells,  and  is  connected  with  the  roof  of  the  between-brain  by  means 
of  a  long,  hollow  stalk. 

In  other  Reptiles,  as  in  the  Chameleon,  the  organ  is  differentiated 
into  three  portions  (fig.  244) :  iii-st  into  a  small  closcil  vesicle  (W), 
which  lies  under  a  ti-nnsparent  scale  {x)  in  the  foramen  parietale 
and  is  lined   wilL    ciliul^d  epitholiiim  ;   secondly  into  a  solid  cord 

28 


Iimiii,  wliich  still  exbibilii  hero  nii'l  there  s 
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(U),  which  ooimiita  nt  filires  niul  KpimUenhaped  culb.  and  be*a  •  1 
PoHwin  tmemhlanM  (n  tbp  enibrjonir  optic  nervt^ :  nml  thirdly  into 
A  hollow,  fuimel-shnpFd   [irajectiuii  (A)  of   the  roof   of   the  bi'lwe«Mi- 


I 


i(,  M>.— LsBgitsiiiul  Totinl  —BHaa  tbrcBfh  tb*  IdMd  aj*  of 

r^r'H<  kii.    HJiiiliU;'  enlinifl. 

Bnid:  r.  rMin-Uki  porUixi  nf  tlia  a|itlc  vkIeIbi  M,  BiultcuUt 
Uf  of  Ui>  THian.;  B,  Uml  Ii^b:  J,  extli  In  Ihs  lULk  of  tfai 


nInrgeinentK. 

Id  n  third 
division  of  the 
Reptiles,  in 
H  a  1 1  e  r  i  K  , 
Monitor,  tho 
Blind-wormis 
Kud  lizArda, 
ihi-  rwdctUAr 
dixlitl  portion 
of  tLe  pineal 
gland  uiider- 
got«i  a  striking 
roelamorph  o- 
sis,  hy  meaDH 
of  vhich  it  nia- 
i|iiireH  n  c«rtnitl 
rcMombUnw  to 
thi!  eye  of  many 
lavertobni  t  es 
(fig.  246).  The 
jiottion  of  its 
Willi  nlii(rh  lies 
ni'xt  U>  thf  8iir- 
fnen  of  the  body 
liA-H  bfx-n  tmns- 
foiined  into  a 
Icne-lilce  etnic- 
tnre  (/);  the 
|iart  uf  the  w&Il 
lying  ojipueito 
the  Utt^r  and 


I 


with  the  fibrouH  cord  (St)  hns,  on  the  contrnry,  been  converted  into  j 
a  retina-Uke  structuw  (r).     The  formation  of  the  Iwis  (I)  in  due  to   | 
the  fact  that  the  i^pitheliiil  retla  of  the  Anterior  wnll  of  the  vesiclo    j 
have  become  elongati'd  into  cylindricnl  colls  and  uninncleat«  flbrett, 
and  Imve  thereby  pro<luced  nn  elevation,  the  com-ex  piirfncc  of  which 
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projects  into  the  ovvity  of  the  vesicle.  In  tlie  potrt^i-ior  poi-tion  the 
epithelial  ct'llfl  arc  separated  into  different  layers,  the  innermost  of 
which  is  distinguished  by  the  abundance  of  its  pigment.  Between 
the  pigmented  cells  there  nre  imbedded  others,  which  cau  be  compared 
to  the  rod*  of  the  viHual  ceUs  in  the  paired  eyes  of  Vertebrates, 
and  which  appear  to  \>e  in  connection  below  with  nerve-fibres. 

ThoRe  inveHtigatoFK  who,  like  Rabl-Ruckbakd,  Ahlbdrh, 
Spencer,  and  others,  have  studied  the  pineal  gland,  are  of  opinion 
that  the  pineal  body  muft  be  ctmaidered  aa  an  unpaired  parietal  eye, 
which  in  vtamj  ckutM,  /vr  eatampie  in  IleptiUa,  appeara  to  be  Cola^lif 
welt  preserved,  but  in  Tjumt  Vertebratea  is  in  proceaa  of  degeneration. 

That  we  have  to  do  in  Beptitea  with  an  organ  which  reacta  under 
the  influence  of  light,  doen  not  appear  improbable,  when  one  takes 
iuto  conHideration  that,  owing  to  the  transparency  of  the  dermal 
scutes  at  the  place  in  the  nkull  where  the  parietal  foramen  is 
located,  rays  of  light  are  here  able  to  penetrate  through  the  integu- 
ment. The  presence  of  a  lens-like  body  and  pigment  ia  also 
favorable  to  thia  view.  But  whether  the  organ  serves  for  sight, 
or  only  for  the  transmission  of  sensations  of  warmth, — whether, 
consequently,  it  ia  more  an  organ  for  l/ie  perception  of  icamtth  than 
an  eye, — must  for  the  present  remain  undecided.  It  is  still  more 
an  open  question  whether  this  organ  of  warmth  ia  a  structure 
which  has  b<'en  developed  as  a  special  modifiration  of  the  epiphysis 
of  Reptiles  aloue, — as  the  auditory  sac,  for  example,  has  been 
developed  in  the  t-ail  of  the  Crustacean  Mysia, — or  whether  it 
represents*  a  structure  originally  common  to  all  Vertebrates.  In  the 
latter  case  processes  of  degeneration  must  be  assumed  to  be  wide- 
spread, for  up  to  the  present  time  nothing  like  the  condition  in 
Reptiles  has  been  found  in  other  Vertebrates. 

In  Birds  and  Mammals  the  jnneal  process  undergoes  metamor- 
phoses which  give  rise  to  an  orijaii  of  a  glandular,  follicular  ttruclure. 

In  Birds  (fig.  240)  it  never  attains  such  great  length  as  in 
Selachians  and  Reptiles.  At  a  certain  stage  it  sends  out  from  its 
surface  into  the  suironnding  vascular  connective  tissue  cellular  out- 
growths, wliich  increase  in  number  by  means  of  budding  and  linally 
break  up  into  numerous  small  follicles  (fig.  24(1/).  These  consist  of 
several  layers  of  celts,  the  outermost  being  small,  spherical  elements, 
the  innermost  cylindrical  ciliated  cells.  The  proximal  portion  of  the 
pineal  process  does  not  Tieconu-  involved  in  the  follicular  metamor- 
phosis and  persists  as  a  funnel -whafwd  outfolding  of  the  roof  of  the 
between-hrnin  ;  the  individual  follicular  vesicles  constricted  oR  from 
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the  parental   timuo  ure   united  with  ita  nppcr  fnd  by  meADK  of 
coniiMitivi-  tiiwiie. 

Tn  MamvtaU  the  ilov<fto])inont  takw  place  in  a,  nmnner  idmilar  to 

that  of  thn  Chick.     In  the  Rabbit  there  also  ariae  follicles,  each  of 

which  at  first  encloses  a  small 

cavity,  hnt  later  beoomw  solid. 

They  are  then  entirely  filled  with 

spherical  cellB,   whioh  posse»«  a 

certain   resemblance    to    lymph* 

corpuscles.       The    opinion     has 

therefore  been  expressed  by  many 

(Henlb)  that  the  pineal  body  is 

a    lymphoid  organ,  an   opinion, 

h  th*  piBMJ  tU>d      however,  which  is  refuted  by  the 

iiiiALKovmi.   Hit'      study  of   the    development,   for 

/.Prfi™.rfg«i,il™i^awithito«YitiB.;      genetically  the   folUdes  are  ex- 

6,<wnnu(iveiiHuiwHhbii»d-vaHii,  clusively  epithelial  etructurea 

In  the  adult  there  are  formed 
within  the  individual  follicles  concretions,  the  brain-sand  (acervulus 
cerebri). 

In  Man  the  pineal  body,  which  b^ns  to  appear  in  the  sixth  week 
(His),  exhibits  a  peculiarity  as  r«^rds  its  position.  Whereas  the 
free  end  of  the  epiphyids  is  at  first  directed  forward,  and  in  other 
VortebrateH  is  also  retained  in  this  poation,  it  acquires  in  Uan  an 
opposite  direction,  inaKUiuch  &«  it  bendH  backward  onto  the  surface  of 
the  lamina  qusdrigcmina.  Probably  thii  is  connected  with  the  fact 
that  the  glaiiil  is  crowded  back  by  the  excessive  development  of  the 
corpiiH  calloHiim. 

Ah  the  signification  of  the  pineal  gland  is  still  doubtful,  ra  is  that 
of  the  pitiiitari/  bo<li/  or  hi/popht/tU  cerebri,  which,  as  has  been 
previniisly  mentioned,  in  united  with  the  floor  of  the  between-brain 
at  the  npo.x  of  the  infundibular  process. 

The  Deoelopment  of  the  Ilypophyiia  {Pitvilary  Body). 

The  hypophytie  U  an  organ  which  haa  a  double  origin.  This  is 
ezprecsed  in  its  entire  structure,  since  it  in  composed  of  a  lai^er, 
anterior  and  a  smaller,  posterior  lobe,  which  in  their  histological 
characters  are  fundamentally  different  fi-om  each  other. 

In  order  to  observe  the  beginning  of  its  formation,  it  is  necessary 
to  go  back  to  a  reiy  early  stage  (fig.  237),  in  which  the  oral  anqa 
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has  juBt  iiriHen  niiJ  is  MtUl  Hepamtyd  from  the  cavity  of  the  hend-gut 
by  meims  of  the  phiiryngeal  membrane  (rA).  At  this  time  the 
cephalic  flexure  of  the  bi-ain-Te^cIes  has  already  Appeared,  and  the 
anterior  eud  of  the  chorda  dor>>alis  (M)  terminateM  immediately 
behind  the  attachment  of  the  pharyngeal  membi-ane.  In  front  of 
this  in  located  the  important  plaice  where  the  hypophysis  is  developed, 
as  was  first  established  by  Goktte  and  Mihalkovigs.  The  hypo- 
phfftia  it  there/ore  a  prodtiel  of  the  oiUer  ijerm-lai/er  and  not  a  growth 
from  the  cavity  of  the  heud*gut,  tm  had  always  been  maintained 
previous  to  this  time. 

The  firat  etejH  inti-oductory  to  the  formatlun  of  the  hypophyxis 
tako  pla4-e  soon  after  the  mptiu'e  of  the  pharyngeal  membrane 
(figs.  238,  247),  some  unimportant  remnants  of  which  are  retain(<d 
at  the  base  of  the  skull  an  the  8o-called  primitive  velum  paUuinum. 
Anterior  to  these  there  is  now  developed  (in  the  Chick  on  the 
fourth  day  of  incubation,  in  Man  during  the  fourth  week,  Hib)  a 
timall  evagination,  thepoudt  o/'Ratuke  or  the  pocket  of  tht  hypophyaia 
(Ay),  which  growG  to- 
ward the  base  of  the 
b  e  t  w  e  e  n-b  rain  {ir). 
Then  it  becomes  deeper, 
begins  to  be  constricted 
off  from  its  pai-ent  tissue, 
and  to  be  metiimor- 
phosed  into  a  small  sac, 
whose  wall  is  compo^od 
of  several  layers  of  cylin- 
drical ceUs  (fig.  248). 

The  KK  of  the  hj/po- 
phyait  (hy)  remains  for 
a  long  timo  in  connec- 
tion with  the  oral  cavity 
by  means  of  a  naiTOW 
duct  {hyij).  In  later 
mages,      However,     i.ne  ^^  nuor  of  th.  «(i.r.bn^ :  .*,  ^h«,a^:hf.  i«cfcBi 

connection    in    tlje  uf th^ hypvjihj'flli. 

higher    Vertebrates    is 

int^'i-rupted,  becauwe  the  embryonic  connective  tissue,  wlUcli  supplies 
thi-  foiuidatiou   tov  the  development  of  the  skeleton  of  the  hc&<l,    | 
becomed  thickeneil  and  crowds  the  sac  farthtT  away  from  the  onJ 
cavity  (ligs.  248,  249).    When,  later  on,  the  pi-ociws  of  clion<hifieatio 
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i  in  the  connectiTe  timne.  by  means  of  which  the  csrti- 
Itigiiumii  btDB  ot 
the  sIniU  («cU)  is 
ctftabliahed,  the 
Mtc  <rf  the  hypo- 
physU  (Ajf)  comeK 
to  lie  above  the 
latter  at  the  under 
Hnrface  of  the  be- 
tween-brain  (tr). 
At  thin  time  also 
the  diict  of  the 
hypophysis  (k^), 
which  meanwhile 
has  lout  its  lumen, 
b^ns  to  shriTel 
and  degenerate 
(fig.  249).  In 
many  Vertebrates, 
however,  as  in  the 
Hflacbians,  it  ut  retained  tbruughout  life  and  forms  a  hollow  canal, 
which  perfo- 
rates the  carti- 
laginous base 
oftbeHkulltind 
is  iiniU'd  with 
the  «pith(.>]iuni 
of  the  iiiucuiiH  ' 

metiibrAiiti     of 
tliM  mouth,    hi 
(uitreniely  raie      *" 
GtiM«K   there    in 


(r,  niir  III  Ihc  hMnm-bniii  with  . 
*/,  furl  -if  IhB  h7|ai|)hjiiU  ii; 
(fluidiilitr   tnhufs    beffiqa ;    M^,   due 


Man 
cniiiil 


<lii<iM>id, 


Fl(  M*     lacltUl  moUm  thnnck  tlu  hypophyiii  gf  >  XaUt  mlbrjn 

K  mm  l«i(  nftxi  M  iiAi  hON  i(s     Hnciiiaed  40  dludotin. 
'f  t  L  xr  <f  the  )nt<niiin  bnln  oiUi  li  fDndltnilnm     K*  oitiHiul  |>  mh- 


w li i <- h  1  (!  a d s  h'n*i«i  -a  inn' 

from  the  hoIIh  («.  bmiufsrwrj: 

turcica   Ui  the 

hose  of  Die  sltull    and  rvccivcH  t 

(Suchannek). 


prolongation  of   the  hypophjw 
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At  nn  eiirly  jieriod  an  uviigisiitiou  fi-om  the  between -brain 
(figH.  247,  249),  cuIKhI  the  infumlibultim  {tr),  ba«  grown  out  tuward 
the  Biic  of  the  hypophysis  anJ  npplied  itself  to  the  posterior  wiill  of 
the  latter,  wbif^h  it  baa  folded  in  towiud  the  iinterior  or  opposite 
wall, 

This  first  stage  is  followed  by  a  secoud,  in  whii-h  the  sttc  and  the 
adjoining  end  of  the  infiindihuluiu  are  metamorpboaed  into  the  two 
lobea  of  the  complete  organ  already  mentioned. 

The  eae  begins  (in  Man  in  the  second  half  of  the  second  month, 
Hib)  to  semi  out  from  its  surface  into  the  surrounding  very  vascular 
connective  tissue  Iiollow  tubnles  (the  tubules  of  t/te  hyjwphysis) 
(figs,  'ii^,  349  hi/').  These  are  then  detached  from  the  walU  of  the 
sac,  by  becoming  enclosed  on  all  itides  by  vascular  connective  tiiaue. 
In  this  reBpt-tt  the  proceKs  of  development  a^^reen  in  the  main  with 
that  of  the  thyroid  gland,  only  that  the  spherical  follicles  are  here 
represented  by  tubular  structures.  After  the  entire  sac  has  been 
resolved  into  a  large  number  of  small,  tortuous  tnbules  provided  with 
narrow  lumina,  the  lobe  thus  produced  applies  itself  closely  to  the 
lower  end  of  the  infundibulum,  with  which  it  becomes  united  by 
means  of  connective  tissue. 

The  end  of  the  infundibulum  itself  is  transformed  in  the  lower 
Vertebrates  into  a  small  lobe  of  the  brain,  in  which,  moreover, 
ganglionic  celts  and  nerve-fibres  can  be  identiGed.  In  the  higher 
"Vertebrates,  on  the  contrary,  no  trace  of  such  histological  elements 
can  be  detected  in  the  ponterior  lobe  of  the  hypophysL*,  which  in 
these  forms  consists  of  closely  packed  spiniUe-cella,  and  thus  acijuires 
a  dose  resemblance  to  a  spindle-cell  sarcoma. 

(5)  Development  of  the  First  or  Fore-JSrain   Vttielt. 

The  most  important  changes,  the  comprehen>non  of  which  is  in 
part  attendetl  with  senoua  difficulties,  talce  place  in  the  vesicle  of  the 
fore-hriiin  or  cerebrum.  It  is  divided  {fig.  250),  even  at  the  time  of 
its  formation,  as  has  itlrtady  been  mentioned,  into  a  light  and  a  left 
portion,  owing  to  the  fact  that  its  wall  becomes  infolded  from  in 
front  and  from  alwvu  by  means  of  a  vertical  pi-ocess  of  the  connective- 
tissue  envelope  of  the  brain,  the  primitive  falx.  The  two  portions, 
the  vehicles  of  the  hemijipheres  (Ajh«),  come  close  together,  being 
separated  by  only  the  narrow  longitudinal  or  interpiiUial  fissure  {m»p), 
which  is  filled  up  by  the  falx,  so  that  their  median  surfaces  become 
miitiiftlly  flattened,   wherens  their   lateral  and  under  surfaces  are 


Jig.   Ut.-BniB    it 
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Gonvei.     Where  the  plane  and  couvex  HurfoceH  are  continuous  with 
each  othi'r  there  U  a  xharp  bend  in  the  itMiUle  (Mantelkante). 

The  vreicles  of  the  hemicpheree  at  first  have 
thin  wuIIr  formed  of  severeL  layers  of  Bpindle- 
Hhaped  cells  (fig.  251,  i)  and  each  encloses  a 
large  cavity,  the  lateral  wntivUe  (fig.  261), 
which  in  derived  from  the  central  canal  of  the 
neural  tube.  Inasmuch  as  these  have  been 
reckoned  by  the  efu-lier  authors  as  the  first  and 
second  ventriclcB,  it  is  plain  why  the  cavities 
of  the  bctween-brain  and  medulla  oblongata  are 
respectively  designated  as  the  third  and  fourth 
ventricles.  In  Mnn,  during  the  earlier  months, 
each  lateral  ventricle  is  in  communication  with 
the  third  ventricle  by  means  of  a  wide  opening, 
the  printilim  Jvramen  of  Mombo  (figa.  239  ML 
JJLZ^^'UhT,!^      anj  264  w»)- 

mitm-*™''brt««il-  Anterior  to  the  foramen  of  HOITRO  Ues  the  part  of 

bi»tn;'rn*, 'mid-brain;  tlie  wall  of  tlic  cerebrum  wbich  was  infolded  bj  tbe 
U,  blnd-lnaiu  ud  ilvvclopmcnt  of  the  great  interpallial  fissure:  on  the 
utMr-brain.  (,„^  j^nj  ^  eRutts  the  anterior  union  of  the  walls  of 

the  two  bemispberes ;  on  the  other  it  bounds  the  third 
ventricle  in  front,  nnd  is  therefore  caTleil  tbe  anterior  closing  p1at«  (lamina 
tcrmlnalis).      It  is  conUniious 

below  with  the  anterior  wall  £.  t 

of    the   intunililniliim    of    tbe 
botwecn-brain. 

In  the  further  develop- 
ment of  each  vesicle  of  the 
hemispheres  four  processes 
are  intimately  associated  i 
( 1 )  an  extraordinary  growth 
and  an  eiiliirfri'meiit  in  nil 
diin.'ctiiinH  i'o:!iuitiiig  fruiii 
it;  (2)  iin  infolding  uf  th«> 
wall  of  the  V.-sicli-,  so  that 
('xt«riiiilly  thi'i'c  iii'ise  ilepp 
flcftH  (the  fissures),  jind 
internuUy  jinijcctlons  iiilo 

the  liiter.'il  ventricles;  (3)  the  devilopmoutof  a  system  of  commissures, 
by  means  of  which  the  right  and  left  hemispheres  are  brought  into 
closer  union  (corpus  tnllosum  and  fornix);   (4)  the   formation  of 


Fi(.  Ml.— Bnla  ■(  ■  homiB  mnbtTO 


r  iniit  ctf  till!  luancJitul  arch  (lUndbnifrn) 
vbniin  vnt  thnin^h ;  /'.  ivstertur  |i«t1 
k|>iiH)  uf  thv  maridDHL  on-h ;  Iko,  D|ttic 
;<-if,nv)^i^^'^^>"ii  i  f".  tnctinojiticiu; 
m  uimninilliirlik ;  j;  v-ni*  VudUI. 
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fiirrowe  that  cut  into  the  t-ovtfx  of  the  corebnim  more  or  lens  deeply 
from  the  outside,  but  cause  no  corresponding  internal  projections  in 
the  wall  of  the  ventricle. 

Ah  regards  ite  general  fentureu,  the  embryooic  growth  of  the  cerebrul 
veeicles  is  especially  charactensed  by  An  enlargement  backward.  In 
the  third  mouth  the  posterior  lobe  already  completely  overlies  the 
optic  tbalamuH  (tig.  242) ;  in  the  fifth  month  it  begins  to  extend  ovci- 
tho  corporii  quailrigenuna  (fig,  241),  which  it  entirely  covei'a  up  in 
the  itixth  month,  Prora  there  it  H[ireadt)  over  the  cerebellum 
(fig,  256).  The  cerebrum  in  not  chai-actenaed  in  all  MammaU  liy 
Buch  an  extrttoi'dinavy  growth  lut  in  Man ;  comparative  anatomy 
teaches  rather  that  the  stages  of  development  of  the  human  brain  in 
different  months  here  described,  are  met  with  in  other  Mammals  an 
permanent  conditions. 

In  gurac  uniinfl.lH  the  posterior  inai'ginH  uC  the  lictaiBpherea  extend  as  fat  im 
tha  corpora  quiidri^mina ;  in  others  they  cover  tiieae  more  or  lean  camplctel  v ; 
In  otbeni,  fluall)-,  thej  have  grown  over  the  cerebellum  mora  uc  less.  On  the 
whole,  the  increase  Id  the  volume  of  the  cerebrcim,  which  is  so  varied  in 
Hammalx,  goes  hand  in  band  with  an  increase  In  intelligence. 

The  vesicles  of  the  hemispheres  undergo  additional  complication 
(in  Man  in  the  conrae  of  the  second  and  third  montlis),  owing  to 
ii^oldmge  of  their  thin  walls,  which  still  enclose  a  hirge  cavity.  An 
A  reeult  of  thLs  there  arLse  on  the  out«r  surface  deep  furrows,  which 
separate  large  areas  from  one  another  and  which  have  been  designated 
as  tolM  furrowa  or  _fis»ure»  by  His,  who  has  rightly  estimated  their 
importance  in  the  architecture  of  the  brain.  Corresponding  to  the 
furrows  which  are  visible  on  the  outer  surface,  there  are  more  or  less 
prDmini.-nt  elevations  on  the  tuner  surface  of  the  lateral  ventriclee, 
by  means  of  which  the  latter  become  narrowed  and  reduced  in  size. 
The  total  fniTows  of  the  cerebral  hemispheres  are  the  fissure  of 
Sylvius  (fossa  Syivii),  the  arcuate  fissure,  embracing  the  hippo- 
campal  fissure  (lissura  hippocampi),  the  hssura  choroidea,  the  fissunv 
calcariua,  and  the  lissura  pirieto- occipitalis.  The  elevations  produced 
by  them  are  called  the  corpus  striatum,  fornix  and  [)es  hippocampi, 
tela  choroidea  ami  calcar  avis.  A  prominence  which  in  the  embryo 
corresponds  to  the  fiasiira  parietoMJccipitalis,  becomes  obliterated  in 
the  atlult  by  a  uonsiderable  ihickeniiig  of  the  wall  of  the  brain,  so 
that  DO  pemianent  structure  results  fi-om  it. 

The^«ir«  u/SYLviue  (fig,  252  S;/.'j)  is  the  first  one  formed.  It 
appears  as  «  shallow  drpressiou  of  the  convex  outer  surface  at  about 
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the  middle  of  the  lower  margin  of  eath  hemiMphere.  The  part  of 
the  wall  which  in  thiu  depreuMed  becomex  comiderably  thickened 
(figH.  243,  251  est,  and  254  st),  aiu)  formit  an  elevation  on  the  floor  of 
the  cerebrum  projecting  into  itu  cavity,  the  corpu»  idiriatum,  in  which 
severiil  nuclei  of  gray  matter  are  developed  (the  uucleuH  caudatus,  the 
nucleuH  lentaformin,  and  the  cluustrum).  Inasmuch  as  the  elevation 
Uee  at  the  base  of  the  brain  and  forma  the  dire<^^t  forwnnl  and  latenl 
continuation  of  the  optic  tbalamiin,  it  is  reganled  aa  belonging  to 
the  briLiii-stalk,  and  ie  dLstinguLshed  an  the  aUUk  part  of  the  cerebral 
liemisp/ieres  in  distinction  from  the  remaining  portion  or  mantU  part. 
The  outer  surface  of  tho  atalk  purt  can  be  Been  from  the  outdde  for 
a  time, — ax  long  as  the  Sylvian  fiiwure  is  atill  tibnllow  (fig.  252  •Hy.g), 


ff,  uwdalU  vbloDgnto. 


— but  it  then  be«'omeH  entirely  overgrown  and  hidden  by  the  edgeu  of 
the  gradually  defpi'ninf;  fi.snure.  Lat«r  this  surface  acquiren  in  the 
embryo  several  cortical  furrows  and  becomes  the  island  of  Bku. 
(insula  Iteilii),  or  t/ie  central  lobe  (Stammlappen). 

The  mantle  portion,  tin  it  onlargeK,  spreads  out  uniformly  around 
the  irtlaud  of  Heii.,  as  though  altout  a  fixed  point,  and  surrounds  it 
in  the  form  of  a  half-ring  o[ien  below  (fig.  352) ;  on  this  account  it 
has  received  the  name  ring-lobe.  Even  now  the  regions  of  the  four 
thief  lobes  into  which  the  convex  surface  of  each  hemisphere  is 
subeoquently  diviihtl  can  reitdily  Iw  distinguished,  although  they  are 
not  yet.  shai-ply  limitid.  Tho  end  of  the  half  ring  which  ia  directed 
forward  and  lies  above  the  fissui'e  of  SVLvius  (•S^.y)  is  the  frontal 
lobe  (etl)  ;  the  opposite  end,  which  embraces  the  fissure  behind  and 
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'  below,  is  the  temporal  lobe  {aelU.l) ;  the  regiou  lying  iibove  and 
DoniHicting  the  two  \a  the  purietiil  lobe  (jacli/ii.l).  A  prominence 
which  ia  developed  frocn  the  ring-lobe  bockwaiil  hecomett  the  occipital 
lobe  («). 

Tliu  lateral  ventricle  has  altso  become  altered  and  correepondfi  to  the 
external  form  of  eucli  heminpherti  (6g.  353).  It  uIho  asnumou  tlie 
uhape  of  a  htblf-ring,  which  lien  above  mid  tjiirrounds  the  oii'pus 
Htriatum  {eel) — that  part  of  the  wnll  nf  the  vesicle  which  it)  forceil 
inwaiil  by  the  (insure  of  SvLvme.  Subdoquently,  when  the  individual 
lobes  of  the  heniispheret)  are  more  sharply  difTerentiat«rl  from  one 
another,  the  latiTal  ventricle  al^o  undergoes  a  subdiviaion  correspond- 
ing to  the  lobes.  It  becomes  aligbtly  enlarged  at  both  endd,  in  front 
into  the  anterior  cornu  occupying  the  frontal  lobe,  behind  and  below 
into  the  inferior  cornn  of  the  temporal  lobe.  Finally,  from  the  half- 
ring  there  is  developed  a  small  evagination,  the  posterior  comu, 
which  extendi)  backward  into  the  occipital  lobe.  The  region  lying 
between  the  horns  is  nunxiwed  and  becomes  the  cella  ucdia. 

All  the  fissures  hitherto  mentioned,  except  that  of  Sylvius,  arc 
developed  on  the  pliine  [median]  siu'face  of  the  veeicle  of  the 
heuiephere. 

At  a  very  early  t^tage — in  Man  in  the  fifth  week  (His) — there  arise 
on  this  wall  of  the  hemisphere  two  furrows  rkinning  almost  parallel 
with  the  edge  or  bend  of  the  mantle,  the  art-uate  or  bippocnmiial  fiiwure 
and  the  fissure  of  the  choi-oid  plexiLs  (^JUsura  hipjmeamjii  a.nAjiaawa 
ehoroidea,) ;  both  conform  very  closely  in  their  chrection  to  the  ring- 
lobe,  and,  hke  it,  with  crescentic  form  embrace  fi-om  above  the  stalk 
part  of  the  («rebrum,  the  corpus  wtrintum.     They    begin   at   the 

,  Foramen  of  Monro  and  extend  from  tbei-e  te  the  tip  of  the  temporal 
lobe,  forming  the  botiudariee  of  a  region  known  as  the  manjiital  are/i 
(Randbogen);  this  projected  as  a  thickening  on  the  me<lian  surface  of 

'  the  hemifipherc,  and  takes  part  in  the  development  of  the  commissural 
tiyatem.  The  invaginations  of  the  median  wall  of  the  ventricle,  caused 
by  the  fissui'es,  the  hippocampat/olilnud  t]x»fold  of  tJi«  lateral  choroid 

,  plexue,  lire  best  understood  by  removing  in  an  embryo  the  latei'al 
wall  of  the  hemisphere,  so  that  one  can  siu^ey  the  inner  surface  of 

L  the   median  wall  of  the  still  vei'y  spacious   and    ring-like  lateral 

I  ventricle  (fig.  253).  Tlje  cavity  is  then  seen  to  be  partly  filled  with 
a  reddish  frilled  fold  ((uj/*), which  lies  in  the  form  of  a  crescent  on  the 
upper  surface  of  the  corpus  striatum  (est).  In  the  region  of  the  fold 
the  wall  of  thi'  brain  undergoes  changes  similar  to  those  in  the  roof 
of  the  medulla  oblongata  and  of  the  vesicle  of  the  Iwtweeu -brain 
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the  foramen  of  Mostto  to  the  tip  of  the  temporul  lobe  and  lends  from 
Uie  uiitNidp  into  the  lateral  ventricle.  Tliis  ia  tho  lateral  cerebrai  fa- 
»ure,  or  the  ijreat  JisBiire  of  the  kemisfAtres  {flasura  eei-obri  transversa). 
Ill  a  preparation  made  in  the  manner  described  the  h,ippoeam)>al 
/obi  is  to  be  se*n  at  a  short  liistanee  fi-oni  the  choroid  plexus  and 
parallel  to  it  (Hga.  253  and  255  avi/inU  tig.  254  A).  This  increases 
iu  siie  toward  the  apex  of  the  inferior  comu,  and  in  the  completely 
forineit  brain  prodiiccH  thi'  cornii  Ammonis  or  pes  hippocampi. 
Oonsequeutly  that  part  of  the  lateral  ventricle  enclosed  in  the  tem- 
poi'al  lobe  becomi'a  (an  the  result  of  two  infoldingM  of  its  median 
wall)  reKtrirt*d 
by     two     pro- 

choroid   plexus 

and  the  cornu 

Ammonis,     As 

in  the  between - 

brain  and   me. 

dnlln     Dblon 

gatn,   the  epi~ 

thelial  covcTin<; 

I  of  the  choiMid 

I  plexus  is    con- 

[  tiniiotis      with 

I  ti)«  thicker 

[nerve-Bub- 

tce   of    the 

|corna    Am- 

liB.       The 

'  trftosition  is  ePTocted  by  means  of  a  thin  meilnllaiy  plate,  which  in 
Bcatomy  is  described  as  the  Umbria. 

Inasmuch  as  the  occipital  lobe  with  its  cavity  develops  as  an 
I  origination  of  the  ring-lobe,  the  Jisnira  ealenrina  belonging  to  it 
I  therefoi-e  developed  somewhat  later  than  the  arcuate  Gssure 
(fig,  241  fe).  It  appears  at  th©  end  of  the  third  month  as  a  fissure 
branching  off  from  the  latter,  and  rans  in  a  horizontal  direction  until 
Dear  the  apex  of  the  occipital  lol)e.  It  invaginates  the  meilian  wall 
of  the  lobe  and  produces  the  onlear  avi»,  which  invades  the  jiosterioi' 
IU  in  the  same  way  as  the  hippocjimpns  major  (coruu  Ammonis) 
dooa  the  inferior  comu.  At  the  l;*ginning  of  the  fourth  month  the 
[  Jiamra  oecipilalU  (fig.  24 1 /o)  is  added  to  it.     The  latter  ri.ses  from 


..;/Vi-,, 


aznp&l  fold ;  /,  tun 
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the  anterior  end  of  the  fissura  calcarina  in  a  vertical  direction  to 
the  bent  lim  of  tho  mantle  (Mantelkante),  and  Hharply  separates  the 
ocx;ipital  and  parietal  lobes  from  each  other. 

A  t/iird  /actor  of  great  importance  in  the  development  of  the 
cerebrum  is  the  formation  of  a  system  of  co^nmissureSy  which  sup- 
plements the  connection  of  the  two  cerebral  vesicles,  at  first  effected 
by  the  embryonic  lamina  terminalis  only.  Those  investigators  who 
have  occupied  themselves  with  these  difficult  matters  assert  that  in 
the  third  embryonic  month  fusions  take  place  between  the  facing 
median  walls  of  the  hemispheres.  These  fusions  begin  in  front  of 
the  foramen  of  Monro  within  a  triangular  area.  The  fusions  in  this 
region  occur  only  at  the  periphery,  not  in  the  middle  of  the  area. 
Three  parts  of  the  brain  of  the  adult  are  thus  produced :  in  front,  the 
genu  of  the  corpus  callosum,  behind,  the  columns  of  the  fornix,  and 
between  them,  the  septum  pellucidum  ;  the  latter  contains  a  fissure- 
like cavity,  in  the  region  of  which  the  contiguous  walls  of  the  hemi- 
spheres, here  very  much  attenuated,  have  remained  separated  from 
each  other.  Consequently  the  cavity  just  mentioned — the  ventrtcu/ti« 
septi  pellucidi  [or  fifth  ventricle] — ought  not  to  be  placed  in  the  same 
category  with  the  other  cavities  of  the  brain  ;  for  while  the  latter  are 
derived  from  the  central  canal  of  the  embryonic  neural  tube,  the 
former  is  a  new  production,  which  has  arisen  by  the  enclosure  of  a 
portion  of  the  space  lying  outside  the  brain  between  the  two  hemi- 
spheres— the  naiTow  interjmllial  fissure. 

A  further  enlargement  of  the  commissural  system  is  accomplished 
in  the  fifth  and  sixth  months.  The  fusion  now  proceeds  still 
farther,  advancing  from  in  front  backwards,  and  involves  that  region 
of  the  median  walls  of  the  hemispheres  which,  situateil  between  the 
arcuate  fissure  [above]  and  the  fissure  of  the  choroid  plexus  [below], 
has  already  been  described  as  the  marginal  arch  (Randbogen).  By 
fusion  of  the  anterior  part  of  the  marginal  arch  with  its  fellow  of  the 
opposite  side, — which  process  takes  place  as  far  as  the  posterior  limit 
of  the  between -brain, — there  arise  the  body  of  the  corpus  callosum 
and  the  splenium,  as  well  as  the  underlying  fornix.  The  furrow 
bounding  the  corpus  callosum  above  (sulcus  corporis  callosi)  is  there- 
fore the  anterior  part  of  the  arcuate  furrow,  whereas  the  posterior 
portion,  that  of  the  temporal  lobe,  is  subsequently  known  as  the 
fissura  hippocampi. 

The  structure  of  the  cerebrum  is  completed  by  tJie  appearance  of 
numerotts  cortical  furrows.  These  differ  in  rank  from  the  total  furrows 
ali*eady  described,  because  they  are  confined  to  the  outer  surface  of  the 
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brain  and  do  not  cttuKe  correttponding  projections  into  the  vuntricl^iH. 
Tlieir  formation  begins  un  noon  an  the  wall  of  the  bruin  beoonies 
yi*fttly  ioci'en.sej  in  thickness  by  the  dovolopment  of  whito  medullary 
Htilu-tance,  which  occurs  during  and  after  the  tiftb  month.  This 
is  due  to  the  faet  that  the  gniy  coiiei  with  its  ganglionic  cells 
increases  more  rapidly  in  superficial  extent  than  the  white  substiuice 
and  is  theitfore  raispd  into  folils,  the  corebral  convolutiona  or  gyri, 
into  which  only  thin  processes  of  white  substanoo  penetmt<>.  At 
Ui-Ht,  therefore,  the  fnrrows  are  quite  shallow ;  they  become  deeper 
in  proportion  as  the  hemispheres  become  thicker  and  the  cortical 
folds  project  farther  out- 
ward, 

Of  the  nuiner<)UH  fur- 
rows which  the  completely 
formed  brain  pra-ientj),aome 
appear  during  the  develop- 
ment earlier,  others  later. 
Thus  they  aajinre  different, 
values  in  the  architect uil' 
of  the  cerebral  surface. 
For  "  (/«  fKirlier  a  /iimim 
appear»  (A*  ileeper  it  be- 
comtg,  the  lai^  it  iiji- 
Tpeara  (/le  ghalloirer  it  in " 
(Panbcii).  The  Jirst  are 
Iher^ore  die  tiiore  imjior- 
bml  anil  eonaUtrU  tmrn,  and 
are  JUtingh/  to  be  dintin- 
gui^ed  as  chief  or  primnri/ 
/■urrotoa   from    the    sitbae- 

qu«utiy formed  and  more  varitMe  gecmubtrt/  awl  tertiari/furroiua.  They 
begin  to  appear  at  the  commencement  of  the  sixth  month.  The 
firet  of  them  to  appear  is  the  centnd  furrow  {fig.  256  of),  which  is 
one  of  the  moiit  important,  since  it  separates  the  frontal  and  parietal 
lobes  from  each  other.  "  In  the  ninth  month  all  of  the  chief  sulci  and 
convolutions  are  formed,  and  since  at  this  time  the  secondary  siild 
are  still  wanting,  the  bi-ain  during  the  ninth  month  present«  a 
typicnl  illuEti'ation  of  the  sulci  and  convolutions  "  (Mihalkovics). 

Verj  peat  ilifferenccB  exist  between  the  different  divisions  of  Mammals  in 
nt  to  whicb  the  BDlci  of  the  cerebrum  are  dcvclopctl.  On  tlie  one  hand 
Monolrnmes,  Insect ivorcs,  onil  many  Rodents,  wliose  cerebnim — aluo 
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lUDllUy  leas  dBTuloped  in  ntlier  fentures — poaaeaies  a  unooth  SDiboC^  uidUltU 
as  it  were,  remiunB  permaBentlj  in  tbe  fmlAl  cDtidltion  of  the  human  bnin.  I 
Ou  Ilia  other  traad  Ihe  brainti  nf  the  Curnivores  and  I'rimatos,  uwing  t> 
Kteut  Dumber  oF  thuir  coavohiliniiH,  approach  mare  cl'iaely  tu  tlie  haman  bri^a,  I 

FinaJly,  in  treuting  of  the  (1«ivelupineiit  of  the  cerebrum  there  is 
still  to  be  consiilereU  an  appendage  to  it,  Uie  olfaotory  iterne.     This  I 
purt,  as  n-ell  as  the  optic  nerve,  is  distingiiLthetl  from  the  peripheral  1 
nervm  by  its  entire  deVEJopment, 
and    must   be    considered 
apofitilly  modified  portion  of  th» 
cerebral  veaicle.      The  older  de- 
aignFitiou  of  iierve   iR  therefore 
now  more  frequently  replaced  by  i 
the  more   appropriate    i 
olfiielory  tah«  (lobus  olfoctorius,  I 
rhiuencfphiilon).      Epen   at    an  ' 
eai'ly  stage — in  the  Chick  o 
seventh    duy  of    incubation,    in    | 
Man  during  the  fiftli  week  (His)    I 
— there  in  formed  on  the  floor  of    I 
oitch  frontal  lobe  at  its  anterior 
end  a  Hmall  evrtgin'ition,  which 
is   directed    forward  (figs.    340, 
2-11  rn).    Thi»  gnuluatly  aasumes 
the  form  of  a  club,  the  enlarged 
end    of    which,    the  part    lying 
on  the  cribriform  plat*   of   th« 
ethmoid   bone,  ix   deidgnatad   aa 
the  bv,lbu«  olfftctoriuR.     Tlie  bul- 
bils encloses  a  cav-ity  which  is  in 
""''™"  communication  with  the  lat«rnl 

ventricle. 
During  the  firnt  month  of  development  the  olfnrtory  lobe,  even  in 
Mnn,  is  relatively  large  and  provided  with  a  central  canty.  I^ter  | 
it  begins  to  iliminish  somewhat,  the  senw  of  smell  being  only 
slightly  developed  in  Man;  its  growth  is  arrc«t«d  and  at  tbe 
unme  time  its  cAvity  also  dinnppears.  In  moot  Mammals,  on  tlie 
rontmry,— whose  seiiHe  of  smell,  as  is  well  known,  is  more  acute 
than  tliat  of  Man, — the  olfactory  lobe  attains  a  great«r  sixe  in  the 
adult  animal  and  exhibits  more  clearly  the  diameter  of  a  part  of 
the  brain,  for  it  iwiniiinontiy  encliwos  in  itji  bulb  a  cavity,  which 
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frequently  (Hortie)  is  even  iti  connection  with  the  anterior  cornii  by 
meuus  of  a  aarrow  caniil  in  the  tractus  olfuctoriu^. 

The  olfactory  lobe  (Lol+J'ro)  attains  an  extraordimiry  develop- 
meut  (fig.  257)  in  the  Solachia,  in  which  it  exceedH  in  mze  th(3 
betweea-brain  (ZN)  and  mid-braio  {if/f  .  In  the  8(?liicliinnK  two 
long  hoUow  processes  (tra<itus  olfactorius,  Tro)  extend  out  from  the 
anterior  end  of  tlie  little-develo[>ed  cerebrum  and  terminate  at  a 
considerable  distance  from  the  fore-brain  in  two  Urge  hollow  lobea, 
that  are  sometimes  providetl  with  fun-ows  (Loi). 


n.     Tli^  Deed 


of  l/,e  yV(>A«W  .Vfrr 
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Althutiffh  it  ia  eaay  to  follow  thu  development  of  the  brain  and 
spinal  cord,  the  investigation  of  the  origin  of  the  peiipheral  nervous 
■tytitem  in  very  ditlicuU,  for  it  requires  the  ^tudy  of  histological  processes 
of  the  most  subtle  natui-e— the  lirst  appearance  of  nou-medullated 
nerve-fibrea  and  the  methoil  of  their  termination  in  embryos 
composed  of  more  or  le«i  umlillei'entiated  cells.  (.)ne  who  knows 
how  dithciilt  it  is  even  in  the  adult  animal  to  follow  non'medullated 
nerve- KbrilUu  in  epitheliiil  layers  or  in  non-striato  muitsle-tissue,  and 
to  get  a  cleai'  idea  of  their  method  of  termination,  will  undemtand 
that  many,  and  indeed  the  most  interesting,  questions  in  regan) 
to  the  development  of  the  peiipheral  nerves  are  not  yet  ripe  for 
dimuKsion,  bec^vuse  the  observations  neceusary  far  their  settlement 
are  still  wanting.  Thej-e  is  only  one  point  which  is  entirely  clear. 
That  concerns  the  develojiment  of  the  spinal  ganglia,  which  KiB  and 
Balfodr  independently  of  each  other  were  the  first  to  itH.-ogtiise,  the 
one  in  the  Chick,  the  other  in  Selachiani^.  Since  then  numerouH 
investigations  embracing  different  groups  of  Vertebrates  have  been 
published  on  this  subject  by  IIknsen,  Milnbs  Maushali.,  KOlliker, 

SAflKUKHL,    VAN     WuuE,    BeuoT.    UNUDI,    DbRAN'ECK,    liAltL,    BbARI>, 

Kastsciiekko,  and  otliera. 


(«)    The  VeixlojriiieiU  of  tlie  Spinal  (iaimlUi. 

The  development  of  the  spinal  ganglia  in  the  spinul  curd  is  very 
efuily  followed,  it  begins  just  at  the  time  the  mediiltury  groove 
cloww  to  form  a  tube  (tig,  25^  A  and  B).  At  this  time  a  thin 
ridge  of  cells  (spif,  apy)  oue  or  two  layers  deep  grows  luit  of  the 
neural  tulie  on  cither  side  of  the  line  of  fiisioii.  iuid,  passing  outwai-d 

23 


460  EHBBYOLOGT. 

and  downward,  inserts  iteelf  between  the  tube  and  the  closely 
investing  primitive  epidermis.  In  this  way  it  reaches  the  dorsal 
angle  of  the  primitive  somiteci  {ue),  which  are  by  this  time  well 
developed.  Then  the 
7ieural  cnri,  as  Bal- 
four nameu  it,  or  the 
ijanylionic  ridge,  an 
Saobubbl  calls  it, 
is  divided  up  into 
Kucceiwive  regions. 
For  the  tractx  which 
alternate  with  the 
primitive  segments 
lag  behind  in  their 
growth,  while  the 
jiarts  lying  oppotdte 
the  middle  of  seg- 
ments grow  more 
vigorously,  become 
thickened,  and  at 
the  Hame  time  ad- 
vance farther  ven- 
trad,  penetrating  be- 
tween primitive  seg- 
ment    and      neural 

Frontal  eeutions 
furnish  veiy  instruc- 
tive views  of  this 
stoge.  Pig.  359  ex- 
hibits such  a  section, 
taken  from  Haue- 
Uehl's  work.  InaM- 
much  as  the  longi- 
tudinal axis  of  th<.- 
Lizard  embryo  em- 
ployed  for  the  sec- 
tions wau  giTatly  curved,  thi-  live  tjegmento  na-n  in  the  section  are  cut 
at  different  heightH,  the  middle  one  deeper  than  the  two  preceding 
and  the  two  following.  In  tim  middle  segment  the  fundament  of 
the  ganglion  {spk)  is  differentiated  and  it  is  bounded  by  btood-ve«eels 
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in  front  and  behind,  whereiw  in  the  segments  that  ilfp  cut  more 
dort»lly,  nE>uF  the  origin  of  the  ganglin  from  the  neural  tube,  the 
fundaments  are  still  connected  with  od<3 
lUiother.  This  connectioTi  appears  to  be 
most  conspicuously  developed  and  mottt  per- 
sistent in  the  ca<w  of  the  ^lachians ;  it 
has  been  failed  the  longitudinal  commiw- 
dure  by  Balfoub.  Outside  the  ganglia  are 
found  the  primitive  segments  {iitp,  ny»'),  eaeh 
of  which  at  this  time  still  exhibits  within 
it  &  narrow  fisBure. 

In  a  monognipliic  treatment  of  tbe  poriplieml 
nervoOB  astern  BsABB  differs  from  the  preceding 
accqnnt,  in  which  Balpour.  EOlliuob.  Rasu 
Benbun,  8ACIEK&HL,  Kastbohbnko.  and  others 
sgree.  He  believps  that  the  fundameote  o(  the 
ganglia  arise,  not  ont  of  the  neural  tube,  bnt  out 
of  the  deeper  cell-la;eiii  of  the  adjacent  part  of 
the  outer  gerw-lajer.  Ho  finds  that  they  are  trotn 
the  beginning  separated  from  each  other  and  seg- 
ncntally  arranged.  According  to  him,  moreover, 
tbey  make  their  appearanoe  earlier  than  is  stated 
in  the  preceding  account ;  tor  thej  are  already 
recognisable  as  CHpecialiy  thickened  places  in  the 
oat«r  germ-layer  at  the  light  and  left  of  the  neuial 
plate  when  the  latter  first  btgins  to  bo  bent  inward, 
Kubseqnently,  upon  the  closure  of  the  neural  tube,  the  ganglionic  cells  oomo 
to  tie  between  the  raphe  and  the  primitive  epidermis.  From  bore  they  grow 
down  ventrally  at  the  aides  of  tbe  brain  and  spiniU  cord. 

Bhakd  approximates  in  bts  results  the  ooncepljon  first  expressed  and 
■ubaequently  maintained  by  Uib.  For  His  derives  the  ganglionic  ridge,  not 
from  the  raphe  of  the  neoral  lube,  but  from  a  neighboring  part  of  the 
outer  germ-layer,  which  he  names  intermediate  cord  (Zwiachoniitnuig).  The 
aocuracy  of  BeAUU'e  desotiption  is,  however,  positively  denied  by  Babl  and 
Kabtschknko. 

Different  vieWH  are  enU^rtiiined  concerning  the  furthei'  changa^ 
whiub  take  place  in  the  fundaments  of  the  spinal  ganglia : — 

A(;oording  to  HtB  nnd  SAiiSHBiiL  the  separate  ganglionic  funda- 
inent«  are  completely  detju'hed  from  the  neural  tubo,  and  for  a  timo 
He  at  the  wde  of  it  without  any  connection  with  it  whatever. 
Secondarily  a  union  is  again  established,  through  the  development 
of  the  dorsal  nerve-roots,  by  the  formation  of  nerve-fibriilse,  which 
eithi-r  grow  out  fiwrn  the  spinal  cord  into  the  gaiiglion,  or  from  the 
gouglion  into   tho  spinal  cord,  or   in    both   directioiiw.      Sauemeul 
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favors  the  first  view,  His  the  last.  All  other  investigators  maia- 
tain  that  the  fundaments  of  the  ganglia,  while  they  increase  in  size 
and  l)ecome  spindle-shaped,  are  permanently  united  with  the  neural 
tube  by  means  of  slender  cords  of  cells  which  are  metamorphosed 
into  the  dorsal  roots.  If  the  latter  view  is  correct,  the  dorsal  roots 
of  the  nerves  must  in  time  alter  their  place  of  attachment  to  the 
neural  tube  by  moving  from  the  raphe  laterally  and  ventraUy. 

The  discrepancy  of  these  accounts  is  connected  with  the  different 
interpretations  which  exist  concerning  the  development  of  the  peri- 
pheral nerves  in  general. 

(6)  The  Development  of  the  Peripheral  Nerves. 

When  one  reviews  the  various  opinions  which  have  been  expressed 
concerning  the  development  of  the  peripheral  nerves,  it  is  found 
that  there  are  in  the  literature  two  chief  opposing  views.  The 
greater  number  of  investigators  assume  that  the  peripheral  nervous 
system  is  developed  out  of  the  central, — that  the  nervee  grow  forth 
from  the  brain  and  spinal  cord  wnhUerrxiptedZy  unHl  they  reach  the 
periphery  f  where  for  the  first  time  they  effect  a  union  with  their  specific 
terminal  organs.  The  outgrowth  of  the  nerves  from  the  spinal  cord 
was  firat  asserted  for  the  ventral  roots  and  conjectured  for  the  dorsal 
ones  by  Bidder  und  Kupffer.  Their  conclusions  have  since  been 
adopted  by  K5lukeb,  His,  Balfour,  Marshall,  Sagemehl,  and 
others.  However,  views  concerning  the  method  of  the  formation  of 
the  nerve-fibres  are  not  in  agreement. 

According  to  Kupffer,  His,  K5llikbr,  Saoemehl,  and  others 
tlie  outgrmoing  nerve-fibres  are  processes  of  gangliomo  cells  located  in 
the  ceiUral  organ^  which  must  grow  out  to  an  enormous  length  in 
order  to  reach  their  terminal  apparatus.  There  are  at  first  no 
wlls  or  nuclei  among  them.  These  are  furnished  secondarily  by 
the  siiiTounding  connective  tissue.  According  to  the  accounts  of 
K6LLIKER  and  His,  cellular  elements  from  the  mesenchyme  approach 
the  bundles  of  nerve-fibril lae,  suiTOund  them,  and  then  penetrate 
into  the  interior  of  the  nervous  stem,  at  first  sparingly,  afterwards 
more  abundantly,  and  form  around  the  axis-cylinders  the  sheaths  of 

HCUWANX. 

On  the  other  hand,  Balfour  defends  most  positively  the  doctrine 
that  cells  which  migrate  out  of  the  spinal  cord  along  with  the  n^vcs 
share  in  the  development.  In  his  "  Treatise  on  Comparative  Embry- 
ology "  [vol.  ii.,  p.  372]  he  remarks  upon  this  subject :  "  The  oellulai* 
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structure  of  embryonic  nerves  w  n  point  on  wliich  T  Hhonld  have 
anticipated  tlint  a  diffei-enre  of  opinion  wns  impossible,  hiid  it  not 
been  for  the  fiict  that  His  ami  KOi.liker,  foUowing  Rbuak  and 
other  oldei'  fmbryologista,  absolutely  deny  the  fact.  I  feel  quite 
sure  that  no  one  studying  the  development  of  the  nerves  in  Elasmo- 
branchii  with  well-preserve^l  specimens  could  for  a  moment  be  doubtful 
on  this  point."  Of  tlie  more  i-ecent  inveatigatortt  van  Wijue,  Dohrn, 
and  Bbaiu)  side  with  Balpous. 

Hensen  hoji  taken  an  entirely  ditTei-ent  view  on  the  qneHtion  of 
the  origin  of  the  peripheral  nervous  system,  one  which  differs  from 
that  of  KaPFFBB,  Urn,  and  KUllikek,  n^  well  a^t  from  that  of 
Balpoub.  He  opposes  the  doctrine  of  the  outgrowth  of  nerve-fibrea 
cliiefly  from  physiological  considerations.  He  ran  think  of  no 
motive  which  is  capable  of  conducting  the  nerven  thut  grow  out 
from  the  spinal  cord  to  their  proper  terminations — which  shall 
CHUHe,  for  example,  the  ventnil  roots  always  to  go  to  muKcles,  the 
dorsal  roots  to  organs  that  arc  not  muscular,  and  shall  prevent 
confiisiDn  taking  place  Ix'tweeu  the  nerves  of  the  iiis  and  thoae  of  the 
i-ye-mnsclefl,  between  the  hranches  of  the  trJgeminuM  and  the  acusticus 
or  facialis,  etc.  ThereFoi'e  Hensen  maintains  on  theoretical  gronniU 
that  it  is  neccesary  to  as.sume  that  "  tlie  nerves  never  groio  out  to  their 
terminations,  but  are  nlwni/s  in  conrumtion  jinth  thetii."  Aooording 
to  his  view,  which  he  endeavors  to  support  by  observations,  the 
embryonic  cells  ai-e  for  the  most  part  united  with  one  another  by 
means  of  fine  connecting  filaments.  lie  maintains  that  when  a 
cell  divides  the  connecting  thread  also  splits,  and  in  this  manner 
there  arises  "  an  endless  network  of  fibres."  Out  of  these  the  nerve- 
tracts  are  developed,  while  other  parts  of  the  network  degenerate. 

The  reasons  given  by  Hensen  ai-e  certainly  worthy  of  great 
attention.  With  further  reflection  on  the  subject  they  are  easily 
added  to.  If  the  nerves  grow  out  to  their  terminal  apparatus,  why 
do  they  not  take  the  most  direct  course  to  their  destination,  why 
are  they  often  compelled  to  piUT^ue  cii-cuitouM  paths,  and  why  do  they 
enter  into  the  formation  of  complicated  plexuses  of  the  greatest 
variety  I  whence  are  the  ganglionic  cells  that  are  found  to  be 
[  developed  in  considerable  numbers  oven  in  the  peripheral  nervous 
system  in  dilfei-ent  organs,  especially  in  the  sympathetic  nerve?  In 
order  to  make  progress  in  this  difficult  field  the  peripheral  nervona 
■yiteiD  of  /noertebratea  must  be  taken  into  account  more  than  it  is 
at  present,  and  in  the  investigation  of  embryos  not  only  series  of 
sections  but  also  othei'  histological  methods  (siirl'ace- preparations  of 
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suitable  objects  together  with  Rtainiog  of  the  nerve-fibriUse,  isolation 
of  the  elements  preceded  by  maceration  and  staining)  must  be 
employed. 

Having  thus  sketched  out  the  various  standpoints  taken  by  numer- 
ous investigators  on  the  question  of  the  source  of  the  peripheral 
nervous  system,  I  give  a  number  of  observations  that  have  been 
made  upon  the  development  of  certain  nerves.  These  relate  to  the 
development  of : — 

(1)  The  ventral  and  dorsal  roots  of  the  nerves ; 

(2)  Certain  large  peripheral  nerve-trunks,  as  the  nervus  lateralis; 

and 

(3)  The  nerves  of  the  head  and  their  relation  to  the  spinal  nerves. 

(1)  Of  the  roots  of  the  nerves  the  anterior  [ventral]  are  de- 
monstrable earlier.  There  may  be  distinguished  three  stages  in 
their  development. 

The  first  stage  has  been  observed  by  Dohrn  and  van  Wijhe  in 
Selachian  embryos.  At  a  time  when  the  neural  tube  has  not  yet 
developed  any  mantle  of  nervous  substance,  and  the  muscle-segment 
still  lies  very  close  to  it,  there  arises  between  the  two  a  connection  in 
the  form  of  a  very  short  protoplasmic  cord.  The  fundament  of  the 
nerve  is  therefore,  as  van  Wijhe  remarks,  ab  engine  near  its 
muscle-complex,  from  which  it  never  separates.  Soon  after  this  it 
is  elongated  by  the  removal  of  the  muscle-segment  farther  fmrn  the 
neural  tube ;  it  increases  in  thickness  and  now  encloses  numerous 
nuclei,  and  possesses  therefore  a  ceUular  composition,  a  condition 
which  I  shall  designate  as  second  stage. 

There  is  a  difference  of  opinion  as  to  the  cells  which  make  their 
appearance  in  the  fundament  of  the  nerve.  Whereas  Kolliker 
His,  and  Sagemehl  recognise  in  them  immigrated  connective-tissue 
elements,  which  are  destined  to  form  simply  the  envelopes  of  the 
nerves,  Balfour,  Marshall,  van  Wijhe,  Dohrn,  and  Beard  main- 
tain that  they  migi-ate  out  from  the  spinal  cord  and  share  in  the 
development  of  the  nerves  themselves.  Beard  even  derives  the 
motor  terminal  plate  from  them.  Soon  after,  as  is  asserted, 
connective-tissue  cells  from  the  surrounding  mesenchyme  become 
aasociated  with  the  nerve-cells  derived  from  the  spinal  cord  and 
ordinarily  become  indistinguishable  from  them. 

Finally,  in  the  third  stage  the  cellular  fundament  of  the  motor 
root  acquires  a  fibrillar  condition  (fig.  260  vw)^  and  it  now  becomes 
possible  to  trace  the  origin  of  the  nerve -fibrillae  in  the  spinal  cord 
from  groups  of  embryonal  ganglionic  cells  or  neuroblasts  (His). 
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The  formntion  of  the  nei-v'e-fibrillsp  Ih  alsn  a  subject  of  controversy, 
fui  lias  already  l>eeii  ntntetl  nnd  n/i  will  be  further  ejcplnined  in  thin 
Minnection.  According  to  the  view  of  most  observers,  the  nerve- 
librilltB — the  future  &xi8-cylinderN — are  formed  as  processes  of  gnng- 
lionic  cells  of  the  spinal  cord,  the  free  eiids  of  which  grow  oiit  from 
the  surface  of  the  latter  until  they  reach  their  terminal  orgatm 
(Kupi'KRR  VSD  BioDCR,  Kui.MKER,  Kis,  Saibmehi.).     Such  accounts 


n-      ^.  e  ',■  :;,,J 


Tlf.  MD.-Crau  uctifm  al  ■  Litir.l  tmlnTO  vith  oompliita 

V,  PoUHiar  Idanal).  re,  notirlai  i^rmunijixini  ..t  the  i.iiln< 
a/.  iwrrs-Hbrilln :  tpt,  iidnMl  guglion ;  up',  uinuli 
ifip\  mCer  Iftjer  of  Ihe  iniiK'i«-]iliitD  ;  Mp',  Inutidtfnn 
rnrmlng  Ujbt. 


are  given  especially  for  the  development  of  the  motor  roots  in  the 
higher  Vertebrates. 

According  to  the  o]Hnioti  of  Dourh  and  van  Wijhe,  on  the 
contrtwy,  the  nerve-flbiillfe  arise  in  fritu,  as  products  of  differentiation, 
from  the  protoplasm  of  the  fords  of  cells  by  menna  of  which  muscle- 
segment  and  spinal  cord  are  already  united.  They  do  not  need  to 
seek  out  the  terminal  organ,  since  there  exists  already  a  protoplasmic 
union  with  it.  They  arise  in  a  manner  similar  to  that  in  which 
the  muscle -fibril  lie  do  from  the  plasma  of  tlioir  muscle-cells. 
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1  desire  to  lay  particular  stress  upon  the  observations  of  Dohrn  ami  van 
WiJHE,  because  they  harmonise  with  the  theoretical  views  which  I  have 
formed  as  the  result  of  investigations  on  Invertebrates.  As  I  have  in  several 
articles  endeavored  to  establish,  protoplasmic  connections  of  the  cells  arc  the 
foundation  out  of  which  the  nerve-fibrillBB  are  developed.  The  formation  of  a 
specific  nervous  system  is  preceded  by  a  protoplasmic  union  of  cells,  which  is 
effected  at  a  time  when  the  central  and  terminal  nen'ons  organs  are  still  in 
the  immediate  vicinity  of  each  other. 

The  dorsal  roots  1>ecome  visible  somewhat  later  than  the  ventral 
roots ;  there  are  formed  fibrillae  which  unite  the  upper  [dorsal]  end 
of  the  spinal  ganglion  with  the  side  of  the  spinal  ooi*d. 

(2)  GoTTE,  Semper,  Wijhe,  Hoffmann,  and  Beard  have  made 
concerning  certain  nerves  the  noteworthy  statement — which  has  been 
called  in  question  by  some  observers  (Balfour,  Saoemehl) — that  the 
epidermis  participates  in  their  formation.  In  Amphibian  larvro 
and  Selachian  embiyos  the  posterior  eml  of  the  nervua  lateralis  vctgi 
in  process  of  development  is  completely  fiised  with  Hie  primitive 
ejndemiisj  which  is  thickened  in  the  lateral  line  (fig.  262  n/).  Some- 
what farther  forward  the  ner\'e  is  detached  but  still  lies  in  close 
contact  with  the  primitive  epidermis,  whereas  in  the  vicinity  of  the 
head  it  is  situat^l  deeper  and  lies  between  the  muscles.  At  the 
places  where  the  nerve  has  become  separated  from  the  primitive 
epidermis,  it  remains  in  connection  with  the  fundaments  of  the 
lateral  organs  by  moans  of  fine  accessory  branches  only.  Similar 
observations  have  also  l>een  made  in  the  case  of  many  of  the  branchan 
of  other  cranial  nerves  in  Selachian  embryos.  Wijhe  sees,  for 
example,  a  short  branch  of  the  n.  facialis  near  its  emergence  from 
the  brain  so  fused  with  a  thickened  portion  of  the  epidermis  composed 
of  cylindrical  cells,  that  it  is  impossible  to  say  whether  at  the  place 
of  transition  the  coil-nuclei  belong  to  the  nerve  or  to  its  terminal 
organ.  During  a  more  advanced  stage  the  older  p»irt  of  the  nerve 
is  detacheil  from  tho  terminal  organ,  sinks  into  th(^  depths,  Ix^coming 
separated  from  the  skin  ]>y  ingi'owing  connective  tissue,  and  remains 
united  with  the  terminal  organ  only  through  fine  accessory  branches. 
Tlie  persistently  growing  younger  end  of  the  nerve  still  continues  to 
bo  connected  with  the  epidermis. 

Also  in  the  case  of  tho  higher  Vertebratas  similar  conditions  have 
boon  observed  by  Beard,  Froriep,  and  Kastschenko.  They  find 
the  ganglionic  fundaments  of  the  facialis,  glossopharyngeus,  and 
vagus  at  the  dorsal  margin  of  the  corresponding  visceral  clefts  for  a 
long  time  broadly  fused  with  tho  epithelium,  which  is  thickened  and 
has  become  depressed  into  a  pit.     In  these  connections  they  discern 
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the  fiinrfftments  of  brnncliiiil  sensory  organ?,  which  no  longer  attain 
to  cotn[>let«  deceiopmcint.  AIno  Fhokiep,  an  the  ^treiigth  of  hJH  own 
obserratioDN,  Iioldtt  as  admissible  the  interpretation  that  at  those 
placet:  where  fuBion  occurs  Jm-Tnalive  material  paBses  out  of  the 
epidermis  into  deeper  parts  to  share  in  the  formation  of  nervous 
tra4;ts.  Bgakd  exprestes  himself  still  more  precisely  to  the  effect 
that  the  sensoiy  nei-vons  elements  ot  the  whole  periphei-al  nervous 
system  arise  as  differentiations  irom  the  outer  germ-layer,  independ- 
ently of  tlie  central  nervous  systom. 


g  here  given  concerning  a  connection,  in  early  stagGs  of  develop- 
ment, of  certain  nerve-trunks  with  the  outer  germ -layer,  appear  to  me  to  aifoTd 
an  indication  in  favor  of  the  hjpothesJB  expressed  by  mj  hrotlier  and  mo, 
tbat  the  sensory  nerves  of  tlie  Vertebrntes  ma;  have  originally  been  formed 
ont  of  a  snb-epitbelial  nervous  pluxaa,  encb  as  still  exists  in  the  epidermis  of 
many  Invertebrates, 

(3)  The  investigations  of  the  last  few  years,  which  have  been 
carried  out  especiAlly  by  Balfoub,  Marshall,  Kolliker,  Wijhe, 
KaoBiEP,  Kabl,  and  Kastschenko,  have  produced  impoi'tant  results 
conoeming  the  devolopment  of  the  cranial  nerves,  their  relations  to 
the  head-segments  and  their  value  as  compared  with  spinal  nerven. 
On  the  brain,  as  well  as  on  the  spinal  cord,  there  arise  roots,  some 
of  which  are  dorsal,  soma  ventral.  Even  at  the  time  when  the 
braJD-]ilate  is  not  yet  fully  closed  into  a  tube  (fig.  261),  there  is 
formed  on  either  side,  at  the  place  of  its  bending  over  into  the 
primitive  epidermis,  a  neural  ridge  {ly),  which  begins  rather  far 
forward  and  may  be  traced  on  serial  sections  uninterruptedly  in  a 
posterior  direction,  where  it  is  continuous  with  the  neural  ridge 
of  the  spinal  cord.  When,  somewhat  later,  the  closure  and  the 
detachment  of  the  brain -vesicles  from  the  primitive  epidermiB  has 
taken  place,  the  ridge  lies  on  the  roof  of  the  veaicleo  and  is  fused 
with  them  in  the  median  plane.  The  most  of  the  cranial  nerves — 
namely,  the  trigeminus  with  the  Ga.-<sertan  ganghon,  the  acnsticus 
and  facialis  with  the  ganglion  acuaticum  and  probably  also  the 
ganglion  geniculi,  and  thi>  glossopharyngeus  and  vagus  with  the 
related  ganglion  jngulare  and  g,  nodosum — are  differentiated  out  of 
tliis  fundament  in  the  same  manner  as  the  doi'sal  roots  of  the 
spinal  nerves.  The  ners'es,  which  emerge  dorsally,  afterwards  shift 
their  origin  downward  along  the  lateral  walls  of  the  brain-vesicles 
towai'd  the  ba.'^e  of  the  latter. 

Ail  the  remiiining  unenumerated  cranial  nerves — oculomotoiius, 
ti-ochli^nri-*.    al"lucens,  hypoglossus,  nnd   accessorjus — are  developed 
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indeponrlently  of  the  neural  ridge,  as  intltvidnal  ontgrowthx  of  the 
brain -vesicles  neai-er  their  htise,  and  are  comparable  with  the  ventml 
root*  from  the  spinal  oord. 

Frokibp  findf  that  the  hypoglosBUii  In  Uammals  posseese!!  doissl  roots, 
with  small  t^Dgliouic  fuaclament«.  In  aildition  to  ventral  rootH.  Tbo  latter 
Habseqnently  noilei^  degeneration. 

The  agreement  between  cranial  and  spinal  nervcA  which  is  ex- 
preened  in  tliin  method  of  development,  becomes  still  greatw  and 
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ac(|uiros  a  further  significnnco  from  the  fact  that  in  the  head  also  the 
nerves  atn  be  uegigTieil  to  separate  tegmenta  in  much  the  same  manner 
(M  m  Uie  trunk.  In  thLs  patticular  the  conditions  are  clearest  in 
the  Selachians,  whore,  in  fact,  the  head-segments  have  been  most 
thDroughly  investigated,  so  that  I  limit  myself  to  a  statement  of  the 
results  acquired  in  thLs  field  by  WiJnit. 

According  to  Wijhe  nine"  segments  are  distinguishable  in  the 
head   of    Selachians.       To  the    first    segment   belong   the  ramus 
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ophthalmicuB  of  the  tngeminiui  and,  nn  motor  root,  the  oculc- 
motorius.  The  second  segment  is  supplied  by  tJio  n'mainiiig  part 
of  the  trigeminus  nntl  the  trochlenriK,  tlii'  latter  having  a  ventral 
oi-igin.  The  donuil  roots  of  the  third  ((ind  fourth  ?)  Hegment8  are 
represented  by  the  iwustiou-fiicialis,  the  ventral  roots  by  the 
aliducens.  The  fifth  segment  pOKMessea  only  the  eschiaively  sensory 
glo»tophnryngeua,  which  ai'isee  from  the  neiirttl  ridge.  The  eegmente 
from  the  sixth  to  the  ninth  inclusive  are  mnervatenl  by  the  vagiis  and 
the  hypoglossus,  the  former  of  which  i-epreaenta  a  series  of  dornal 
roots,  the  latter  a  series  of  ventral  ones. 

According  to  Wuhk's  account,  notwithstanding  the  general  agree- 
ment, there  still  exists  a  considerable  di^erenoe  betireen  Ihe  iimtrvation 
of  the  eephalie  gegnimita  and  tliat  of  the  IntTik-geifnienta.  For  in  the 
head  the  ventral,  motor  roots  (oculomotoriuu,  troehlearia,  abducens, 
hypoglossus)  supply  only  a  part  of  the  niusculatiiro — the  eye- 
nuiHcles  and  certain  mii^len  that  run  from  the  .skidl  to  the  [lectoral 
girdle ;  that  is  to  say,  muscles  which,  im  has  already  been  stated,  are 
developed  out  of  thf  cephalic  Kegment>i.  Other  gj-oiips  of  muscles, 
which  arise  from  the  lateral  plates  of  the  head,  are  innervated  by 
the  trigeminits  and  facialis,  which  have  a  dorsal  origin,  Thus  the 
dorsal  roots  of  the  nerves  in  the  head  would  be  dwtiiigiiished  from 
thofie  in  the  tnink  by  the  impoilAnt  fact  that  they  coutiiiu  motor  ak 
well  an  sensory  fibres.  BeiiL's  law  would  consequently  possess  a  very 
limited  application  for  the  liead-region  of  Vertebrates,  and  would 
have  to  be  replaced  hy  the  following  law,  formulated  by  Wijhe  : — 

"  The  doiiMil  roots  of  the  head-nerves  are  not  eschisively  sensory, 
but  al^iu  iimervate  the  muscles  that  arise  from  the  lateral  plates,  not, 
however,  those  from  the  primitive  segments  (somites)." 

"  The  ventral  rootJ*  are  motor,  but  innervate  only  the  muscles  of 
the  primitive  segments  (somites),  not  those  of  the  lateral  plates." 

Ill  view  of  this  ftiiidit mental  diflerence,  I  ileiire  to  express  a  doubt 
whether  there  are  not  after  all  enclosed  in  the  faciaJis  and  trigemiuns 
partA  which  are  establkheil  as  ventral  roots,  hut  have  hitherto  been 
overlooked,  a*  in  the  lieginning  all  the  ventral  i-oots  bi  the  bruin 
(see  Balpoitii)  weie  overlooked. 

Accordiog  to  &ABL  tlie  nerves  of  the  posterior  part  of  the  iiead  oqIj— 
gloraopbarjDgeiig,  TSgus,  accewutrius,  and  iiypoglossuH—caD  be  noniparail  with 
the  tjiffi  of  fpinal  nsrve.' ;  the  nerves  of  the  anterior  part  of  Ihc  head,  on  the 
contrary,— the  nlfactoriua,  opticus,  trigemlnng,  logether  with  those  of  the  eye- 
muscles  autl  ttie  ocuatiootDCialU, — belong  in  a,  separate  categoi'y,  jutil  aa  the 
four  moat  uaterinr  heiwl-st^mentH  du. 
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Ar  is  evident  from  this  brief  survey,  there  still  exist  many  unsolved 
problems  in  the  difficult  su1>ject  of  the  devt^lopment  of  the  peripheral 
nervous  system.  Without  permitting  myself  to  enter  upon  a  further 
discuanion  of  the  contradictory  opinions  entertained  on  this  subject, 
I  close  this  topic  with  a  comparative-anatomical  proposition,  which 
appears  to  me  sufficient  to  furnish  the  morp/iological  explanation  of 
Bell's  law,  or  Vie  aeparate  origin  of  the  sensory  and  motor  nerve- 
roots. 

In  Amphioxus  and  the  Cyclostomes  the  motor  and  sensory  nerve - 
fibres  are  completely  separated,  not  only  at  their  origin  from  the 
spinal  cord,  but  also  throughout  their  whole  {)eripheral  distribution. 
The  former  pass  at  once  from  their  origin  in  the  spinal  cord  to  the 
muscle-segments ;  the  latter  ascend  to  the  surface  to  be  distributed 
to  all  parts  of  the  skin  to  supply  its  sensory  cells  and  sensory  organs. 
The  separation  oj  the  peripheral  nerifous  si/stem  into  a  sensory  and  a 
motor  portion^  which  is  rigorously  carried  otU  in  Amphioxus  and  the 
Cydostom^Sy  is  explained  by  the  fact  tfuit  the  territories  to  which  their 
eruls  are  distrihiUed  are  spatially  distinct  in  their  origin,  since  the 
sensory  cells  arise  from  the  outer  germ-layer,  the  voluntary  muscles 
from  a  tract  of  the  middle  germ-layer.  Therefore  the  sensory  nerve- 
fibres  have  been  dei^hped  from  fJie  spinal  cord  in  connection  with  Ui^ 
otUer  germ-layer^  the  motor  fibres  in  relation  with  the  muscle- 
segments. 

I  regard  the  sub-epithelial  position  of  the  sensory  nerve- fibres  as 
the  original  one,  just  as  we  find  in  many  Invertebrates  the  whole 
peripheral  sensory  nervous  system  developed  as  a  plexus  in  the 
dee{)est  portion  of  the  epidermis.  The  important  conditions  above 
described — according  to  which  many  dermal  nerves  (nervus  lateralis, 
etc.,  fig.  2G2  nl)  ai*e  fused  with  the  epidermis  at  the  time  of  their 
origin,  and  only  subsequently  become  detached  from  it  and  sink 
deeper  into  the  underlying  mesenchyme — appear  to  me  to  indicate 
that  such  a  position  wjis  the  primitive  one  in  the  case  of  Vertebrates 
also. 

I  look  upon  the  union  of  the  sensory  and  motor  nerve-fibres  into 
mixed  trunks  (which  occurs  soon  after  their  separate  origin  from 
the  spinal  cord,  in  the  case  of  all  Vertebrates  except  Amphioxus  and 
the  Cyclostomes)  as  a  secondary  condition,  and  maintain  that  it  is 
caused  especially  by  the  following  embryological  influences  :  by  the 
change  in  the  position  of  the  spinal  cord  and  the  muscular 
masses,  and  by  the  gi*eat  increase  in  the  amount  of  the  connective 
substances. 
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Since  the  spinal  oord  comes  to  lie  in  deeper  layers  of  the  body 
far  away  from  its  place  of  ongin,  the  dermal  nerves  must  follow  it, 
and  therefore  their  origins  are  correspondingly  farther  separated 
from  their  terminations.  Since  also,  on  the  other  hand,  the  muscle- 
plates  grow  around  the  neural  tube,  certain  motor  and  sensory 
nerve-cords  are  brought  near  to  each  other  in  their  passage  to  their 
peripheral  distribution.  And  this  will  occur  especially  in  all  cases 
where  the  motor  and  sensory  peripheral  terminations  lie  at  a  great 
distance  from  the  origin  of  the  nerves  out  of  the  spinal  cord,  as,  for 
example,  in  the  case  of  the  limbs.  The  mutual  approximation  of 
sensory  and  motor  nerve-tracts  thus  brought  about  will  finally  lead 
to  the  formation  of  common  tracts,  according  to  the  same  principle 
of  simplified  organisation  in  accordance  with  which  the  blood-vessels 
also  adapt  themselves  closely  to  the  course  of  the  nerves. 

(c)  TVte  Devehpiiient  of  the  Sympathetic  System. 

The  development  of  the  sympathetic  nervous  cfystem  has  as  yet 
been  investigated  by  only  a  few  observers.  Balfoub  first  announced 
that  it  arose  in  connection  with  the  cranial  and  spinal  nerves,  and 
therefore  was,  like  the  latter,  really  derived  from  the  outer  germ- 
layer.  In  the  Selachians  he  found  the  sympathetic  ganglia  (fig.  262 
8y,g)  as  small  enlargements  of  the  chief  trunks  of  the  spinal 
nerves  {sjy.n)  a  little  below  their  ganglia  {sp,g)»  In  older  embryos, 
according  to  Balfgub's  account,  they  recede  from  the  spinal 
ganglia,  and  then  at  a  later  period  unite  with  one  another,  by  the 
development  of  a  longitudinal  commissure,  into  a  continuous  cord 
(Grenzstrang). 

The  origin  of  the  sympathetic  system  has  been  the  most  thoroughly 
studied  by  Onodi  in  researches  covering  several  classes  of  Verte- 
brates. According  to  him  the  sympathetic  ganglia  arise  directly,  as 
Balfour  suggested  and  as  Beabd  has  also  lately  reiterated,  from  the 
spinal  ganglia.  The  ventral  ends  of  the  spinal  ganglia  undergo 
proliferation,  as  is  best  seen  in  Fishes.  The  proliferated  part  de- 
taches itself,  and,  as  fundament  of  a  sympathetic  ganglion,  moves 
ventrally.  The  fundaments  of  the  individual  segments  are  at  first 
sepai'ate  from  one  another.  The  cord  (Grenzstrang)  is  a  secondary 
product,  produced  by  the  growing  out  of  the  individual  ganglia 
towai^  each  other  and  the  union  of  the  outgrowths.  Afterwards 
the  sympathetic  ganglia  and  plexuses  of  the  body-cavity  are  derived 
from  this  part. 
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1.  Thecentt'tU  ueivoua  system  in  developed  out  of  the  thickened 
region  of  the  outer  germlayer  whii;h  in  de^dgnated  as  the  medullary 
plate. 

2.  The  medullary  \i\g.ie  is  folded  together  to  form  tlie  medullary 
tube  (medullary  ridges,  medullary  groove). 

3.  The  formation  of  t))e  neural  tube  exhibits  three  principal 
modificatiouii :  (a)  Am{ihiojtus,  {b)  Fetrouiy«>n,  Teleot^ts,  (c)  the  re- 
maining VertebmteB. 

i.  The  lateral  walls  of  the  medullary  tube  become  thickened, 
whereau  the  doival  and  ventral  walla  remiiin  thin;  the  latter  come 
to  ocuupy  the  depths  of  the  anterior  and  poaterior  longitudinal 
figures,  and  t-onstitiite  the  commiiisures  of  the  lateral  halves  uf 
the  spinal  cord. 

5.  The  spinal  curd  at  iintt  fills  the  whole  length  of  the  verLebral 
canal,  but  it  growth  more  slowly  than  the  latter,and  fitmlly  terminat«« 
at  the  second  lumbar  vei-tebra  (explanation  of  the  oblique  course  of 
the  lumbar  and  sacral  net'ves). 

6.  The  part  of  the  neural  tube  which  forms  the  brain  hecomcH 
segmented  into  the  three  primary  cerebral  vesicles  (primary  fore- 
brain  vehicle,  mid-brain  vesicle,  hind-brain  vetiicle). 

7.  The  lateral  walls  of  the  fore-brain  vesicle  are  evaginated  ki 
form  the  optic  vesicles,  the  anterior  wall  to  form  the  vesicles  of  the 
cerebrum. 

8.  The  hind-brain  vesicle  is  divided  by  constriction  into  the  vesides 
of  the  cerel)elKun  and  the  medulla. 

9.  Thus  froiu  the  three  primary  brain-vemcles  there  liually  arise 
five  secondary  uues  arraugeil  in  a  single  series  one  after  the  other 
— (a)  cerebral  vesicle  (that  of  the  hemispherea),  (6)  hetween-brain 
vwicle  with  the  laterally  attiurhed  optic  vesicles,  (c)  mid -brain 
veMole,  {d)  vetiicle  of  the  cerebellum,  (e)  vesicle  of  the  medulla 
oblongata. 

10.  The  originally  straight  axis  uniting  the  brain-vesicles  to  one 
another  later  become''  at  certain  places  shaq>ly  bent,  in  consequence 
of  which  the  mutual  relations  of  the  vesifleM  are  changed  (cephalic 
tlexure,  pontal  flexure,  nuchal  flexure).  The  cephalic  or  parieUil 
protuberance  at  tba  surface  of  the  enibiyo  coi-responds  Ui  the  cephalic 
flexure,  tbe  nuchal  protuberance  to  the  luicliol  flesura. 
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11.  The  separate  partH  of  the  brain  are  derivable  from  the  five 
brain- vesicles ;  the  accompanying  table  (Mihalkovics,  Schwalbe) 
gives  a  survey  of  the  subject. 

12.  In  the  metamorphoses  of  the  vesicles  the  following  processes 
take  place:  (a)  certain  regions  of  the  walls  become  more  or  less 
thickened,  whereas  other  regions  undergo  a  diminution  in  thickness 
and  do  not  develop  nervous  substance  (roof -plates  of  the  third  and 
fourth  ventricles) ;  (b)  the  walls  of  the  vesicles  are  infolded ; 
(c)  some  of  the  vesicles  (first  and  fourth)  greatly  exceed  in  their 
growth  the  remaining  ones  (between* brain,  mid-brain,  after-brain,  or 
medulla  oblongata). 

13.  The  four  ventricles  of  the  brain  and  the  aqueductus  Sylvii 
are  derived  from  the  cavities  of  the  vesicles. 

14.  Of  the  five  vesicles  that  of  the  mid-brain  is  the  most  conser- 
vative and  undergoes  the  least  metamorphosis. 

15.  The  vesicles  of  the  between-brain  and  after- brain  exhibit 
similar  alterations :  their  upper  walls  or  roof -plates  are  reduced  in 
thickness  to  a  single  layer  of  epithelial  cells,  and  in  conjunction 
with  the  growing  pia  mater  produce  the  choroid  plexuses  (anterior, 
lateral,  posterior  choroid  plexus ;  anterior,  posterior  brain-fissure). 

16.  The  cerebral  vesicle  is  divided  by  the  development  of  the 
longitudinal  (interpallial)  fissure  and  the  falx  cerebri  into  latei-al 
halves,  the  two  vesicles  of  the  cerebral  hemispheres. 

17.  In  Man  the  cerebral  hemispheres  finally  exceed  in  volume  all 
the  remaining  pai-ts  of  the  brain,  and  grow  fi*om  above  and  from  the 
sides  as  cerebral  mantle  over  the  other  brain-vesicles  (fi*om  the  second 
to  the  fifth  inclusive)  or  the  brain-stalk. 

18.  In  the  folding  of  the  walls  of  the  hemispheres  there  ai'e  to  be 
distinguished  fissures  and  sulcL 

19.  The  fissures  (fossa  Sylvii,  tissura  hippocampi,  fiNSura  choroidea, 
fissura  calcarina,  fissura  occipitalis)  are  complete  folds  of  the  wall  of 
the  brain,  by  means  of  which  there  are  produced  deep  incisions  in 
the  surface  and  corresponding  projections  into  the  lateral  ventricles 
(corpus  striatum,  coi-uu  Ammonis,  fold  of  the  choroid  plexus,  calcar 
avis). 

20.  The  sulci  are  incisions  limited  to  the  cortical  portion  of  the 
wall  of  the  bi*ain,  and  are  deeper  or  shallower  according  to  the  time 
of  theii*  foimation  (primary,  secondary,  tertiary  sulci). 

21.  In  general  tlie  fissures  ap^^ear  etirlier  than  the  sulci. 

22.  The  olfiictory  nerve  is  not  equivalent  to  a  peripheral  nerve- 
trunk,  but,  like  the  optic  vesicle  and  optic  nerve,  a  special  |>art  of 
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the  brain  producetl  by  an  evagination  of  the  frontal  lobe  of  the 
cerebral  hemisphere  (lobiis  or  bulbus  olfactoriuK  with  tnictns  olfao- 
toriiiH).  (Enormous  development  of  the  olfactory  lobes  in  lower 
Vertebrates, — Sharks, — degeneration  in  Man.) 

PeHplieral  Nervmia  System. 

23.  Tlie  spinal  ganglia  are  developed  out  of  a  neural  ridge  (crest), 
which  grows  outward  and  downward  from  the  raphe  of  the  neural 
tube  on  either  side  between  the  tube  and  the  primitive  epidermis, 
and  becomes  thickened  in  the  middle  of  each  primitive  segment  into 
a  ganglion. 

24.  The  spinal  ganglia  therefore  arise,  like  the  neural  tube  itself, 
from  the  outer  germ-layer. 

25.  The  S3rmpathetic  ganglia  of  the  longitudinal  cord  (Grenz- 
strang)  are  probably  detached  parts  of  the  spinal  ganglia. 

26.  Ck>nceming  the  development  of  the  peripheral  nerve-fibres 
there  are  different  hypotheses : — 

First  hi/]x>thesis.  The  peripheral  nerve-fibres  grow  out  from  the 
central  nervous  system  and  only  secondarily  unite  with 
their  peripheral  terminal  apparatus. 

Second  hypotliesis.  The  fundaments  of  the  peripheral  terminal 
apparatus  (muscles,  sensory  organs)  and  the  central 
nervous  system  are  connected  from  early  stages  of 
development  by  means  of  filaments  which  become  nerve- 
fibres  (Hensen). 

27.  Anterior  and  posterior  nerve-roots  are  developed  on  the 
spinal  cord  separately  from  each  other,  one  ventrally,  the  other 
dorsal  ly. 

28.  The  cranial  nerves  arise  in  part  like  posterior,  in  part  like 
anterior  roots  of  spinal  nerves. 

29.  The  following  cranial  nerves  with  their  ganglia,  which  are 
compai-able  with  spinal  ganglia,  are  developed  out  of  a  neural  ridge 
which  glows  out  from  the  raphe  of  the  brain -vesicles :  the  trigeminus 
with  the  ganglion  Gasseri,  the  acusticus  and  facialis  with  the  gang- 
lion acusticum  and  g.  geniculi,  the  glossopharymgeus  and  vagus  with 
the  ganglion  jugulare  and  g.  nodosum. 

30.  The  oculomotoi-ius,  trochlearis,  abducens,  hypoglossus,  and 
accessorius  are  develoi>ed  like  ventral  i-oots  of  spinal  nerves. 

31.  The  olfactory  and  optic  nerves  ai-e  metamorphosed  parts  of 
the  brain. 
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H.  The  Development  of  the  Sensory  Organs,  Eye,  Ear,  and  Oi^^ 
of  Smell. 
As  thp  outer  gRvm-layer  i^  flu-  jnu'eiitftl  tissue  of  tlie  central 
nervoiiH  Hyat«m,  so  also  dcx^a  it  form  the  Mubstratiim  for  the  higher 
saatory  organs,  the  eyo,  the  ear,  and  the  organ  of  smell.  For  it 
fiimishes  the  sensory  opithelium,  ei  component  which,  in  comparimn 
with  the  ivmaining  |)art«,  derived  from  the  ineKenchynia,  is,  it  ia 
true,  of  very  small  volume,  but,  notwithstamling,  by  far  the  most 
important  both  from  a  functional  and  a  morphological  point  of 
view.  Whether  a  Fonsory  organ  is  adapted  for  seeing,  hearing, 
nnelling,  or  tasting  depends  primarily  u[>on  the  character  of  il« 
sensory  epithelium,  i.e.,  upon  whether  it  is  composed  of  optic, 
auditory,  olfactory,  or  gustatory  ceQe.  But  aim  morphologically 
the  epithelial  part  in  preeminent,  because  it  is  chiefly  this  which 
determineH  the  fuTulavwntal  farm  of  the  teneory  organ*  and  affords 
the  fixed  centre  around  which  the  remaining  accessory  components 
are  arrangeil.  The  genetic  connection  with  tlie  out«r  germ-layer 
may  be  most  clearly  recognised  in  many  Inveilebrates,  inasmuch  as 
here  the  sensory  organs  are  permanently  located  in  the  epidermisi 
whereas  in  Vertebrates,  as  is  well  known,  they  are,  for  the  sake  of 
protection,  embedded  in  deep-lying  tissues,  I  begin  with  the  eye,  and 
then  proceed  to  the  organ  of  hearing  and  that  of  smell. 

A.  Tlie  Devehprneat  of  the  Eye. 

Aa  has  already  been  stated  in  the  description  of  the  brain,  the 

tnternl  walls  of  the  primary  fore-hrain  (figs.  234,  2fi3)  are  evaginated 


III.  so.  ~IniB  >t  ■  hOBUl  onbiTS  at  tiM  third  w 


■^ 


and  produce  the  primary  optic  vehicles  (au),  which  are  constricted 

off  more  and  mori>  and  remain  in  connection  with  the  between- brain 


<IU 
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by  meanA  of  a  slender  stalk  only  (fig.  264  A  st).  They  possess 
spacious  cavities  within,  which  are  connected  with  the  system  of 
brain-ventricles  through  the  narrow  canal  of  the  stalk  of  the  optic 
vQsicle.  In  many  Vertebrates,  in  which  the  central  nervous  system 
is  formed  as  a  solid  structure,  as  in  the  Oyclostomes  and  Teleosts, 
the  optic  vesicles  are  also  without  cavities ;  these  do  not  make 
their  appearance  until  the  central  nervous  system  becomes  a 
tube. 

Since  the  brain  is  for  a  long  time  separated  from  the  primitive 
epidermis  by  only  an  exceedingly  thin  sheet  of  connective  tissue, 
the  primary  optic  vesicles  at  the  time  of  their  evagination  either 
apply  themselves  directly  to  the  epidermis,  as  in  the  case  of  the 
Cliick,  or  are  separated  from  it  by  only  a  very  thin  intervening 

layer,  as  in  Mammals. 

Upon  each  optic  vesicle 
can    be     distinguished     a 
^  lateral,  a  median,  an  upper 

and  a  lower  wall.  I 
designate  as  lateral  that 
surface  which  reaches  the 

Tif .  aei-Two  diagnuu  uioitratiiif  th«  d«T«iopiii«nt     epidermis   at   the   surfaces 
of  the  eye.  of    i]^q    lx)dy,    as    median 

^,  Tlie  primary  optio  vesicle  (att),JoiDed  by  a  hollow  ,                      ..               ii      •    •       j 

Mtalk  («0  to  the  between-brain  (rA),  is  iiivaginated  t;he     oppOfllte     Wall     joined 

a.  a  restilt  of  the  development  of  the  len».pit  (Ig).  ^Jth  the  Stalk  of   the   Optic 

B,  The  leuB.pit  has  become  abetricted  to  form  a  lemi-  . 

vesicle  (tt).    From  the  optic  vesicle  has  arisen  the  vesiclc,  and  finally  aS  lowor 

optic  cup  with  double  walls,  an  inner  (i*^  ^^.q      qUO      which      licS      On 
outer  iab) ;  l$t,  stalk  of  the  lens ;  gl,  vitreous  body. 

a  level  with  the  floor  of 
the  between-brain.  These  designations  will  be  useful  in  acquainting 
ourselves  with  the  changes  which  the  form  of  the  optic  vesicle 
undergoes  during  its  invagiruition,  which  occurs  at  two  places^  7iameli/y 
at  its  lateral  and  lower  surfaces.  Om  of  Uie  invaginations  is  connected 
with  the  development  of  the  lens,  the  other  with  the  formation  of  the 
vitreous  body. 

The  first  fundament  of  tJie  lens  appears  in  the  Chick  as  early  as 
the  second  day  of  incubation,  in  the  Eabbit  about  ten  days  after 
the  fertilisation  of  the  egg.  At  the  place  where  the  epidermis 
passes  over  the  surface  of  the  primary  optic  vesicle  (fig.  264  A  Ig), 
it  becomas  slightly  thickened  and  invaginated  into  a  small  pit  (lens- 
pit).  The  pit,  by  its  deepening  and  by  the  approximation  of  its 
edges  until  they  meet,  is  converted  into  a  lens-vesicle  (fig.  264  B  Is), 
which  for  a  time  preserves  its  connection  with  its  parental  substra- 
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tnw,  tbe  epidermis,  by  ineam  uf  a  solid  epithelinJ  coi-d  (Ut).  Upon 
being  wnstricted  off  the  leDs-veeicle  naturally  ptishra  the  adjacent 
litl«ral  wall  of  the  optic  vesicle  before  it  and  folds  the  iatler  in 
aguinst  the  modiaa  wall. 

At  the  same  time  with  the  development  of  the  lens,  the  primary 
optic  vehicle  ia  also  invnginated  from  below  along  a  line  which 
BtttitcheB  from  the  epidermis  to  tbe  attachment  of  the  stalk  of  the 
optic  vesicle,  and  is  even  tontiuuod  along  the  latter  foe  some  distance 
(Hg.  265  niw).  A  loop  of  a  blood-vessel  from  the  enveloping 
connective  tissue,  emliedded  in  soft,  gelatinous  aubstance  (gl),  here 
grows  against  the  lower  surface  ot  the  primary  optic  vedcle  and  its 
stalk,  and  punhes  up  before  it  the 
lower  wall. 

In  consequence  of  the  two  invagina- 
tioDs  the  optic  vesicle  aeqtiireti  the 
form  of  a  beaker  or  cup,  the  foot  of 
which  is  represented  by  ite  stalk  (.S'm). 
But  the  optic  Clip,  as  vr-e  can  from  this 
time  forward  designate  the  strupture, 
exhibits  two  peculiarities.  First,  it 
hits,  as  it  were,  a  defect  (fig.  265  out) 
in  it«  lower  wall ;  fot  thei*  runs  along 
the  latter  from  the  margin  of  the 
broad  opening  which  embi'aces  the 
leas  if)  to  the  attachment  of  the  stalk 

f»)  a  til-sure  {ana),  which  is  caiised  by 
tlie  developmeut  of  the  vitreous  body 
(j/)  and  bears  the  name  fatUil  optic 
fiuure   [or  c/iortnd  Jhsarej.      At  first 

■a  mther  wide,  but  then  becomes  narrower  and  nan'ower  bj'  tlie 
approximation  of  its  edges  and  finally  closed  altogethei-.  Secondly, 
the  optic  cup,  like  the  toy  called  the  cup  of  Tantalus,  is  provided 
rith  double  walls,  which  are  continuous  with  each  other  along  the 
edge  of  the  front  opening  and  also  along  the  fisnure.  They  wilt 
hencefoi'th  lie  designated  as  inner  (l^igs.  264  B  and  265  ih)  and  outer 
(oA)  layei's;  the  former  is  the  inViiginated,  the  latter  the  unin- 
vaginat«d  jiart  of  the  primary  optic  vesicle. 

At  the  beginning  of  the  infolding  the  two  layers  are  separated  by 
%  broad  space  (A),  which  leads  into  the  third  ventricle  through  the 
stalk  of  the  vesicle  (&'») ;  but  afterwards  the  spaoe  becomes  retlueed 
proportionally   to  the  inci-ease  in   the   size   of   the   \-iti-eous  Iwdy. 
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Rnally  outer  and  inner  layers  come  to  lie  in  close  contact  (fig.  366 
pi  and  i').  The  fundaments  of  the  lens  {U  and  IJ)  and  the  vitreouB 
body  (^)  constitute  the  contents  of  the  cup.  The  vitreouu  body  fills 
the  bottom  of  the  cup,  the  leuH  itct  opening. 

In  the  proceaii  of  invagination  the  stalk  of  the  optic  vesicle  has 


Fi^.'-SM.— BaotisD  Uinnifb  U»  sptil  fuiiuiinit  sf  u  amliiTS  X«iiM|  h 

IH,  I'igmsnMd  ujiilheltiiui  <•!  the  eje  ("uWr  IiuiwIIb  ij[  Iho  cj^li:  nij.,  a 

r,  iiitinH(lnn.rMniall>i.>I  t]Mui>ticeu|i)i  ii.  niargiiul  >nia  uf  tli 

tuntla;  M,  bli»l-c»r|m«Iia ;  ck,  chorsldcii ;  !/•  lou-iKuHi ;  k,  L«i 


also  cliiingeil  its  form.  Originally  it  in  a  umall  tul*  with  au  epithe- 
lial wall,  but  afterwards  it  becouies  an  inverted  trough  with  doulile 
woIIh,  inanuiiK-li  ni  lis  lower  surface  participittes  in  the  invagination 
caused  by  that  growth  of  connective  tissue  which  towaitl  the  peri- 
phery furnishes  the  vitreoiitj  lx>dy.  Later  the  edgett  of  the  trough 
bead  together  and  fuse  with  each  other.     In  this  way  the  connective- 
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tissue  cord,  with  the  art«ria  centralis  retinie,  which  traverses  it,  ie 
enclosed  within  the  stalk,  which  is  now  a  quite  compact  structure. 

Finally  the  tittmie  of  the  intermediate  layer,  apart  from  its 
producing  the  vitreous  body,  takes  a  further  active  ithare  in  the  de- 
velopment of  the  whole  eye,  inasmuch  as  that  portion  of  it  which  is 
adjacent  to  the  optic  cup  is  difTerentiated  into  the  choroid  membrane 
(fig.  266  ch)  and  the  sclerotica  of  the  eye. 

After  having  thua  iteliiieuted  briefly  the  source  of  the  mcxt 
imjwrtant  coinponentu  of  the  eye,  it  will  be  my  purpose  in  what 
follows  to  pursue  in  detail  the  development  of  each  part  separately. 
I  shall  begin  with  the  lens  and  vitreous  body,  then  |iass  to  the  optic 
cup,  and  at  that  point  add  an  account  of  the  formation  of  the 
choroid  membrane  and  the  aclei-otica,  as  well  as  the  optic  nerve  ; 
in  a  final  section  I  shall  treat  of  the  organs  that  are  accessory  to  the 
optic  cup — the  eye-tids,  the  lachrymal  glands  and  their  ducts. 

{a)  The  Developrne7it  of  the  Xeiw. 

When  the  Itrtx-vesiale  has  been  completely  constricted  off  from  tlie 
primitive  epidermis  (fig.  264  B  U),  it  possesses  a  thick  wall,  which  is 
composed  of  two  or  thre«'  layers  of  epithelial  celb,  and  encloses  a 
cavity  that  in  Birds  is  partially  lilleil  with  fluid,  but  in  the  case  of 
Mamonds  by  a  mass  of  small  cells.  The  mass  of  cells  Is  the  result 
of  a  proliferation  of  the  most  supL'rficial  flattened  sheet  of  the  primitive 
epidermis ;  it  is  without  importance  in  the  further  development — a 
transient  mass,  that  soon  degenerates  and  is  absorlied  when  the  lens- 
fibres  are  developed.     (Arnold,  Mihalkovics,  Gottschau,  Koranti.) 

Elxtenially  the  epithelial  vesicle  is  sharply  limited  by  a  thin 
membrane,  which  is  aft'.-rwnrds  thickened  into  the  capture  of  the  lent 
(capeula  lentis).  There  are  two  opposing  views  in  regard  to  its 
development.  According  to  one,  the  capsule  is  a  cuticular  structure, 
that  is  to  tiay,  a  structure  secreted  by  the  cells  of  the  lens  at  their 
bases  ;  accoi'ding  to  the  other  view  it  is  the  proiluct  of  a  conuective- 
tisuue  layer,  to  be  dcitci-ibeHi  moi*  fully  hereafter,  enveloping  the 
lens- vesicle. 

In  later  stages  oonsidemble  diflerences  arise  in  the  development 
of  the  anterior  and  posterior  walls  (fig.  2C6).  In  the  region  of  the 
anterior  wall  the  epithelium  (le)  becomes  more  and  more  fiattened ; 
the  cylindrical  cells  are  converteil  into  cubical  elements,  which  are 
preserved  throughout  life  in  a  single  layer  and  constitute  the  so-called 
Una-epilJielitnn  in  the  leui<  of  the  adult  (fig.  26G  U).     lu  the  p^^terior 
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wall,  on  the  contraiy,  the  eelk  increase  greatly  in  length  (fig.  266  If) 
and  grow  out  into  long  fibres,  wliicti  form  a  protuberance  projecting 
into  the  cavity  of  the  vesicle.  The  fibres  t<tand  perpendicular  to  the 
poaterior  wall,  are  longest  in  its  middle,  become  shorter  towards  Uie 
equator  of  the  lens  (figs.  266,  267  I ),  and  finally  appear  ati  ordinary 


•iiiMBtinn  at  tlie  UtUi  with  tli< 
licliiuii  intu  Uh)  leii*.flhret; 


■I  spiUieliuI 


Liubgr  ut  tho   eja; 


uylindriciil  cells;  thi!*e  in  tmn  liecome  still  shorter  and  are 
continuous  with  the  cubical  cells  {lej  oF  the  lens-epithelium.  In  this 
WHy  thcro  exiiit«  at  the  equator  a  zone  of  transition  between  the 
fibrous  portion  and  tliB  epithelial  part  of  thf  lens. 

The  nfxt  change  consists  in  the  elongation  of  the  fibre*  until  their 
anterior  ends  have  i-eaclied  the  epithelium  (fig.  267).     Consequently 


TtlB  ORnANB    c 


ITTEIt   (lEIttf-LAYEII.  173 

the  veeide  Iibm  now  beuome  a  Kolid  structui-e,  whicb,  as  the  lens-coi*, 
furnisher  the  foundation  of  t)ie  lens  of  the  adult. 

T/ui/urther  incrtam  in  the  nize  of  the  lejia  U  an  ajijioeitional  groielK 
Around  the  core  iirst  futmed  arise  new  lens-libreH,  whioh  are  arranged 
pitmllel  to  the  surface  of  the  organ  utid  are  united  into  coats.  Tlieee 
lie  in  layeiis  one  over  another,  wliii^h  in  macerated  lenitee  may  be 
detached  like  the  coats  of  an  onion.  All  fibres  (fig.  268  If,  If") 
extend  from  the  anterior  to  tho  posterior  sui-face,  where  their  endis 
meet  one  another  along  regular  lines,  which  in  the  embryo  and  the 
new-born  animal  have  the  form  of  two  thi-ee-rayed  figures,  the 
so-called  elarg  of  lite  lens  (fig.  268  vH  and  kH).  These  exhibit  the 
peculiarity  that  the  rays  of 
the  anterior  face  alternate 
with  those  of  the  posterior 
face,  so  that  the  three  rays 
of  one  star  halve  the  spaces 
between  the  three  rays  of  the 

In  the  adult  the  figure 
betomee  more  compheated, 
because  lateral  rays  arifie  on 
each  of  the  three  chief  rays. 

How  have  the  newly  de- 
posited fibi'es  been  formed  I 
Their  origin  is  ultimately  to 
be  refeiTed  to  the  Ien-->epi 
thehum  of  the  front  surfute 
of  the  organ.  In  the^  rells 
figures  of  nuclear  division  can 

frequently  be  observed  even  in  late  stages  of  development.  The  cellfl 
which  result  fi-om  division  herve  to  replace  those  which  grow  out 
into  lens-fibres,  and  are  placed  upon  the  already  formed  layei 
The  new  formation  taken  place  only  at  the  eiguator  of  the  lenn 
(fig.  2C7)  in  the  /one  of  tranNitian  (l')  pi«viously  described,  where, 
in  the  adult  as  well  as  in  the  recently  born  animal,  the  cubical 
epithelial  cells  gradually  merge  into  cylindrical  and  fihrous  elements, 
as  one  can  convince  hinwelf  from  any  properly  directed  section. 

In  the  adult,  as  is  well  known,  there  exist  no  specUiA  j/rovititjmi /or 
the  niUrititm  n/  the  Itiu,  which,  after  attaining  full  size,  is  not  much 
Altered,  and  cei'tainly  undergoes  only  a  slight  metastaaiB.  With  the 
embryo  it  is  otherwise.     Here  a  more  active  growth  necesiiitates  a 
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bpecial  apparatus  for  nutrition.  Thio  is  furnished  in  Mammals  by 
the  tunica  vasculosa  lentis  (figs.  266,  267  tv).  By  this  is  understood 
a  higlily  vascular  connective -tissue  membrane,  which  envelope  the 
outer  surface  of  the  capsule  of  the  lens  on  all  sides.  In  Man  it  is 
already  distinctly  developed  as  early  as  the  second  month.  Its 
vessels  are  derived  from  those  of  the  vitreous  bo(ly.  Consequently 
on  the  posterior  wall  of  the  lens  they  are  large.  These,  resolved 
into  numerous  fine  branches,  bend  around  the  equator  of  the  lens, 
and  run  toward  the  middle  of  the  anterior  surface,  where  they  form 
terminal  loops,  and  also  unite  with  blood -vassels  of  the  choroid 
membrane  (fig.  267  x). 

Separate  parts  of  the  nourishing  membrane  of  the  lens,  having 
been  discovered  at  different  times  by  various  investigators,  have 
I'eceived  special  namjs,  as  membrana  pupillaris,  m.  capsulo-pupillaris, 
m.  capsularis.  The  first  to  be  observed  was  the  membrana  pupillaris, 
the  part  of  the  vascular  membrane  which  is  situated  behind  the 
pupil  on  the  anterior  surface  of  the  lens.  It  was  the  most  easily 
found,  beciiuse  occasionally  it  j)ersists  even  after  birth  as  a  fine 
membi*ane  clasing  the  pupil,  and  producing  atresia  pupilkr  congenita. 
l^ter  it  WHS  found  that  the  nn^mbrana  pupillaris  is  also  continued 
laterally  from  the  pupil  on  the  anterior  face  of  the  lens,  and  this 
part  wjvs  called  membrana  capsulo-pupillaris.  Finally  it  was  dis- 
covered that  the  blood-vessels  are  spread  out  on  the  ^wsterior  wall  of 
the  lens — the  membrana  capsularis.  It  is  superfluous  to  retain  all 
these  names,  and  most  suitable  to  speak  of  a  nutritive  vietnbrane  of 
the  lens,  or  a  membrana  vasculosa  lentLs. 

This  vascular  membrane  attains  its  greatest  development  in  the 
seventh  month,  after  which  it  begins  to  degenerate.  Ordinarily  it 
has  entirely  disjippearid  l)efore  birth  ;  only  in  exceptional  cases  do 
some  parts  of  it  persist.  Toward  the  end  of  embryonic  life,  more- 
over, the  chief  growth  of  the  lens  itself  has  ceased.  For  according 
to  weighings  carried  on  by  the  anatomist  llusciiKE,  it  has  a  weight 
of  123  nnlligrammes  in  the  new-born  child,  and  190  milligrammes 
in  the  adult,  so  that  the  total  increase  which  the  organ  undergoes 
during  life  amounts  to  only  67  milligrammas. 

(/>)   The  DeveUypment  of  tltc   Vitreous  Boily. 

Tlie  (|uesti()n  of  the  development  of  the  vascular  membrane  of  the 
lens  leiwls  t<^  that  of  the  viti-eous  body.  As  was  previously  men- 
tioneil,  there  grows  out  fi-om    the    embryonic  connective  tissue  a 
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I  proceai  with  a  vowulai*  loop,  whit^li  miikeii  ito  wity  Into  the  pi'imtiry 
optic  vehicle  and  itH  tttnik  (fig.  365).     The  voMular  loop  then  begins 
I   to  send  out  new  latei'al  biaucbes ;   likewi;^  the  connet^tive-tiMue 
mati'ix,  which  is  at  first  scanty,  inci'eases  greatly  and  is  chai'acteriHed 
by  its  extmotdinai-ily  slight  consistency  and  its  large  proportion  of 
water  (iigs.  26G,  207  g).      Them  are  also  to  be  found  in  it  here  and 
I   there  iBoluted  stellate  connective -tistiue  cells ;  but  these  ditiappear 
later,  and  in  their  pluce  occm*  migi-atory  cells  (leueocyten),  which  are 
■astinied  to  be  immigrateil  white  blood -corpuscles. 
!        There  are  two  opposing  views  regai'ding  the  nature  and  develop- 
'    ment  of  the  vitreous  iKxIy.     Accoixling  to  Kbsblsb  we  have  to  do, 
not  with  a  genuine  coiinecti\-e  substance,  but  with  a  transuilation, — 
a  fluid, — which  has  been  secreted  from  the  vascular  loops  ;  the  celln 
are  froiu  the  beginning  simply  immigrated  white  blood -corpuscles 
KfiLUKEB,    ScHWALBE,  aud  other  iuve.stigalorti,  on    the  contrary, 
r^ard  the  vitreous  body  as  a  genuine  connective  substance.    Accord- 
ing to  ScHWALBs's  definition,  to  which  I  adhere,  it  consists  of  an 
[  exceedingly  watery  connective  (issue,  whose  fixed  cells  have  early 
[  disappeared,  but  whose  interfibrillar  Bubstance  infiltrated  with  water 
I  Is  traversed  by  migi-atory  cellw,     Thi?  viti-eous  body  is  afterwards 
r  Hnrrounded  by  a  struotui'eiess  membi'ane,  the  meiihlmtita  hyaloidea, 
[  which,  according  to  some  investigiitoi's,  bekmgK  to  the  retina,  al- 
[  though,  uccurdiug  to  the  researchtw  of  Schwalui!,  tliis  view  is  not 

admissible. 
'       Tlie  viti-eouK  body,  which  in  the  adult  is  quite  destitute  of  blood- 
vessels, is  bountifully  supplied  with  them  in  the  embryo.     They 
come  from  the  arteria  centralis  retiiue,  the  bmnch  of  the  ophthalmic 
artery  that  runs  along  the  axis  of  the  optic  nerve. 

The  arteria  centralis  retina  is  prolonged  fi'om  the  papilla  of  the 
optic  nerve  as  a  bi-anch  which  i^i  designated  as  the  arteria  hyaloidea. 
This,  i-esolved  into    several    branches,    runs   forward  through  the 
I   vitreoiie  body  to  the  posterior  surface  of  the  lens,  where  its  numerous 
I  tenninal  ramifications  spread  out  in  the  tunica  vasculoHa,  and  at  the 
'  etjuator  puss  over  on  to  the  anterior  face  of  the  lens.     During  the 
last  months  of  embryonic  life  the  vessels  of  the  vitreous  body,  to- 
gether with  the  nutritive  membrane  of  the  lens,  undergo  degenera- 
tion; they  entii-ely  diwippear,  with  the  exception  of  a  rudiment  of 
ibe  chief  stem,  which  runs  forwui-d  from  the  eiktrancv  of  the  optic 
■ve  to  the  anterior  sui'face  of  the  viti-eoiii*  body,  and  during  the 
[ '  de^neration  Is  converted  into  a  canal  filled  with  fluid,  the  coHolit 
h'/aloideiii. 


(c)  The  Develo/niienl  of  the  Secondary  Optic  Cup  aitd  tkt  Coats 
ofthtSyt. 
The  optic  cup  is  fnrtlier  met&morphoeed  at  tlie  «uue  time  with 
the  layer  of  meeenchyma  which  en- 
velope it,  II  nd  which  fumisheti  the 
middle  and  outtir  tunics  of  the  eye, 
na  that  it  Heems  to  be  deeinvble  to 
treiit  of  both  at  the  uame  time,  1 
begin  with  tht  titage  represented  iu 
figures  266  and  269.  The  optic  cup 
Htill  poeeeiiEeK  at  thin  time  a  broad 
opening,  in  which  the  lens  (/e)  is  em- 
braced. The  hitter  is  either  separated 
from  the  epidermis  by  only  an  ex- 
ceedingly thin  sheet  of  mesenchym&, 
as  in  the  MammaU  (fig.  266),  or  its 
anterior  face  is  in  immediate  contact 
with  the  epidermis,  as  in  the  Chick 
(6g.  269).  In  the  beginning,  therefore, 
there  in  no  separata  fundament  for 
the  cornea  between  lens  and  epidermic; 
moreover,  both  the  anterior  chamber 
of  the  eye  and  the  iris  are  wanting. 

The  fimdavunt  of  lAe  oonita  is  de- 
rived from  the  surrounding  mesen- 
ch\-nia,wbich,a8  a  richly  cellular  tissue, 
eiivelo]is  the  eyeball.  In  the  Chick 
(fig.  269),  as  early  Ui:  the  fourth  day, 
it  grows  in  between  tbe  epidermia  and 
the  front  siii-face  of  the  lens  as  a  thin 
^heet  (hi).  At  fii-st  this  sheet  is  $trtic- 
tui-ekts,  then  lutmerous  mesenchymatic 
cells  niigmtc  into  it  from  the  margin 
and  become  the  corneal  corpusclCFi. 
These  produce  the  corneal  fibres  in 
the  Biime  way  that  embryonic  con- 
nective-tissue cells  do  the  connective- 
DMDt  oi  th^  D>n"»™  .li  ™"it  tJMsne  filu-es,  while  the  Btructureless 
i»,  iiiiiR  lojor  of  tiio  tuMoitu]:  sheet  ill  imrt  goes  to  form  the  cement- 
"*"  ' '"'''  ing  substance  between   them,  and  in 

part  is  pi-euei'Ved  on  the  antei'ior  and  posteiior  walls  as  thin  layers 
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<lestitut«  o[  cells;  thwe  laydif,  iiiidifi'going  cliemirail  metnmurphosis, 
liccomc  respectively  tl«i  momhraDa  elastica  anterior  mid  the  meiii- 
bmiie  of  Desceuet. 

The  intriin]  endotbeliiiiD  of  the  cornea  is  developed  Ht  an  extra- 
ordinarily early  epoch  in  the  t'liick.  For  as  soon  as  the  stnictureleHs 
rtlieet  iirevioiiiily  mentioned  {fig,  269  h)  lia«  attained  a  certain  thick- 
nes.",  uiesenchymutic  celk  proceeding  from  the  margin  spread  theni- 
KelveM  out  on  its  inner  surface  us  a  Kingle-layered  thin  cell- membrane. 
With  this  begiuK  also  the  foi'viali<m  of  the  anterior  ehamher  of  the  et/e. 
Foi'  the  thin  fundament  of  the  cornea,  which  at  first  lay  in  immediate 
I'ontnct  with  the  front  Kiirface  of  the  lens,  now  becumeB  eouewhat 
elevattsl  from  the  latter,  ami  Heprtrated  from  it  by  a  iiHKurS'like  space 
filletl  with  fluid  (humor  ftqueim).  The  fissure  is  first  obeervable  at 
the  margin,  of  the  secondary  optic  cup,  and  spreads  out  from  this 
region  toward  the  anterior  pole  of  the  lens.  The  anterior  chamber 
of  the  eye  does  not,  however,  acquire  a  greater  size  and  its  definite 
form  until  tlio  develojimeut  of  the  iris. 

Two  oppo)'in^  liews  eiiat  ooitceining  the  origin  of  tbe  struaturelera  sheet 
which  has  bcco  described  aa  constitntioK  the  Gnt  fnadamcnt  o(  the  camea  in 
the  Chick.  Accordint;  tu  Kebsleb  it  if  a  product  o[  the  aecretlon  of  the 
npldermia,  whcreait  llie  oomeal  corpusclea  mi^atti  in  from  the  mesenchjmD. 
Id  his  opinioD,  tliorefore,  tJie  cornea  ia  oumpoticd  of  two  cutircl;  different 
fnnduDents.  According  lo  KOli.ikbb,  on  the  contrar;,  all  il«  parte  are 
developed  oat  of  themcseDchjnui,  and  the  homt^eneoiis  naliix  si  niply  outstrips 
the  cells  in  its  growth  and  exttasioa. 

In  Mammals  (fig.  26*;)  the  conditions  difler  somewhnt  from  thoHe 
of  the  Chick ;  for  as  soon  as  the  lens-veeicle  in  Mammals  in  fully 
OMiBtricted  off,  it  is  already  enveloped  by  a  thin  sheet  of  mesenchyma 
(A)  with  few  celh*,  which  separates  it  from  the  epidermis.  Tlie  thin 
layer  is  rapidly  thickened  by  the  immigration  of  cells  from  the 
vicinity.  Then  it  is  separated  into  two  layers  (fig.  267),  the  pupillai- 
membrane  {iv)  and  tiie  fundament  ot  the  cornea  (A).  The  foimer  i« 
A  thin,  very  vascular  memhrane  lying  on  the  anterior  surface  of  the 
lens ;  ita  network  of  blood-vessels  communicates  on  the  one  hand 
posterioi'ly  with  the  vessels  of  the  vitreous  body,  together  with  which 
it  constitutes  the  tunica  viisculosa  lentis,  and  on  the  other  anastomoses 
at  the  margin  of  the  optic  cup  with  the  vaJKulnr  network  of  tiie 
latter.  Tlie  fumlament  of  the  cornea  is  first  sharply  delimited  from 
the  pupillary  membmne  at  the  time  when  the  anterior  chamber  of 
the  eye  {k)  ia  formed  as  a  nan'ow  fissure,  which  gradually  increases 
in  extent  with  the  appeiiraiice  of  the  iris. 


r\f.  no.— SaetlaB  thmitli   ttaa 
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During  tht^e  proceHieH  the  condition  of 
tbe  optic  Clip  itself  has  also  changed.  It8 
outer  and  inner  lamellat  continually  be- 
come more  and  more  unlike.  The  former 
(figs.  2C6,  2G7  pi)  ramaijiB  thin  and  com- 
posed of  a  single  layer  of  cubical  epi- 
thelial cellx.  Black  pigment  granules  are 
deposited  id  this  in  increasing  abundance, 
iintd  finally  the  whole  lamella  appears 
ipon  Rect  ons  as  a  black  ntreak.  llie 
inner  lajer  (r),  on  the  contrary,  remains 
entirely  free  from  pigment,  with  the  ex- 
ception of  a  part  of  the  marginal  zone ; 
the  cells  as  in  the  wall  c^  the  brain- 
veeicles  become  elongated  and  spindle- 
shaped  and  lie  in  many  Buperpoeed  layem. 

Moreover  the  bottom  of  the  eup  and 
itf>  rtfft  assume  different  conditions,  and 
hasten  to  fulfil  different  destinies;  the 
former  is  converted  into  the  reUna,  the 
latter  is  principally  concerned  in  the 
production  of  the  ciliary  body  and   the 

The  edge  of  the  cup  (fig.  267  rz,  fig.  270  •, 
and  fig  ''71)  becomes  very  much  reduced 
in  thickneus  by  the  cells  of  its  inner  layer 
arranging  themselves  in  a  single  sheet, 
remaining  for  a  time  cylindrical,  and  then 
itssuming  a  cubical  form.  But  with  its 
reduction  in  thickness  there  goes  hand 
in  hand  an  increase  in  its  superficial 
extent.  Consequently  the  margin  of  the 
optic  cup  now  grows  into  the  anterior 
chamber  of  the  eye  between  cornea  and 
the  anterior  surface  of  the  lens,  until  it 
has  nearly  reached  the  middle  of  the 
tatter.  Tlien  it  at  liust  bounds  only  a 
small  orifice  which  leads  into  the  cavity 
of  the  optic  cup— the  pupU.  The  pigmetU 
layer  of  Ihc  iris  is  derived  from  the  mar- 
ginal region  of  the  cup,  as  KEBSUtB  first 
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nhowed  (fig.  270  '  ami  '}.  Pigment  gmmiies  ai-e  now  deposited  in 
the  inner  epithelial  layei-,  just  as  in  the  outer  lamella,  so  that  nt  Inst 
tint  two  ftre  no  longer  iltKtinguitihable  ««  sepaiuti!  layei-s. 

TLe  meMnchymatie  layer  which  enveloiw  the  two  epithelial 
lamellic  keeps  pace  with  them  in  their  Kuperflcial  extensioii.  It 
beoomeK  thickened  and  furnishes  the  stroma  of  the  iris  with  it* 
abundant  non-striated  muscles  and  hlood-veasela  (fig.  270').  In 
MammaU  (fig.  267  x)  thin  is  for  a  time  continuous  with  the 
tunica  vasculosa  lentis  (tv),  in  conseqiienee  of  which  tlie  pupil  in 
embryos  is  closed  by  a  thin 

vascular        connective  -  tissue  ,.__  ..-:—;---- -rji^^ 

membrane,    aw    Iiels    already 
been  -stnteil. 

The  ptirt  of  the  opti*r  cup 
which  is  adjacent  to  the  pig- 
ment layer  of  the  iris  and 
surrounds  the  equator  of  tin* 
lena,  and  which  likewise  be- 
longs to  the  attenuated  mar- 
ginal zone  of  the  cup  (fig. 
270  ck),  undergoes  an  inter- 
esting alteration.  In  con- 
junction with  the  neighboring 
layer  of  connective  substance, 
it  is  oonverted  into  the  cUiary 
body  of  the  eye.  Tliis  process 
begins  in  the  Chick  on  the 

ninth  or  tenth  day  of  incubation  (KeaSLKn),  in  Man  at  the  end  of  the 
second  or  hegijining  of  the  third  month  (Kollikbe).  The  attenuated 
epithelial  doulile  lamella  of  the  cup,  in  consequence  of  an  especially 
vigorous  growth  in  area,  'a  laid  into  numerous,  [nearly]  pantllel 
short  folils,  which  are  arranged  radially  around  the  equator  of  the 
lens.  As  in  the  irifi,  so  here,  the  adjacent  mesenchymatic  layer 
participatcH  in  the  growth  and  [>enetrates  between  the  folds  in  the 
form  of  fine  processes.  A  cross  section  through  the  folded  part  of 
the  optic  cup  of  a  Cat  embryo  10  cm,  long  (fig.  271)  aflbrds  informa- 
tion concerning  the  original  form  of  these  processes  in  Mammals. 
It  shows  that  the  individual  folds  are  very  thin  and  enclose  within 
them  only  a  very  small  amount  of  embryonic  connective  tissiie  {6i') 
with  fine  capillaries^,  and  that,  imlike  the  ])igment  epithelium  of  the 
iris,  only  the  outer  of  the  two  epithelial  layei-s  {ab)  Li  pigracnti'ti, 
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whereas   the  inner   (ib)    remains   unpigmented  even   later   and   is 
composed  of  cylindrical  cells. 

Subsecjuently  the  ciliary  proca«?ses  become  greatly  thickened  through 
increase  of  the  very  vascular  connective- tissue  framework,  and 
acquire  a  firm  union  with  the  capsule  of  the  lens  through  the 
formation  of  the  zmndti  Zinnii.  In  Man  the  latter  is  formed, 
according  to  Kolliker's  account,  during  the  fourth  month,  in  a 
manner  that  here,  as  well  as  in  other  Mammals,  is  still  incompletely 
explained. 

LiebebkCkn  remarks  that  the  zonula  is  distinctly  recognisable  in  eyes 
which  have  attained  half  their  definite  size.  If  one  takes  out  of  an  eye  the 
vitreous  body  together  with  the  lens,  and  then  removes  the  latter  by  opening 
the  capsule  on  the  front  side,  the  margin  of  the  capsule  appears  surrounded 
by  blood-vessels  which  pass  from  the  posterior  over  on  to  the  anterior  surface. 

"  At  the  places  where  the  processus  ciliares  are  entirely  removed,  tufts  of 
fine  fibres  are  to  be  seen  which  correspond  to,  and  fill  up,  the  depressions 
between  the  ciliary  processes;  but  between  these  tufts  is  also  to  be  seen  a 
thin  layer  of  the  same  kind  of  finely  striate  masses,  which  must  have  lain  at 
the  same  level  as  the  ciliary  processes.**  Furthermore  IjIEBBBKDkh  states 
that  **  there  lie  within  this  striated  tissue  numerous  cell-bodies  of  the  same 
appearance  as  those  that  are  found  elsewhere  in  the  embryonic  vitreous  body 
at  a  later  period/' 

Angelucci  believes  that  the  zonula  arises  from  the  anterior  part  of  the 
vitreous  body ;  at  the  time  when  iris  and  ciliary  processes  are  developed  he 
finds  the  vitreous  body  traversed  by  fine  fibres,  which  extend  from  the  ora 
serrata  to  the  margin  of  the  lens.  lie  describes  as  lying  between  the  fibres 
sparse  migratory  celLs,  which  are  maintained,  however,  to  have  no  share  in 
the  formation  of  the  fibres. 

The  fundus  of  the  optic  cap  (figs.  266,  267,  270)  furnishes  the 
most  iiuportant  part  of  the  eye — the  retina.  Tlie  inner  lamella  of 
the  cup  (r)  becomes  greatly  thickened,  and,  in  consequence  of  its 
cells  l)eing  elongated  into  spindles  and  overlapping  one  another  in 
several  layers,  acijuires  an  apj)earance  similar  to  that  of  the  wall  of 
the  embryonic  brain.  Subsecjuently  it  becomes  marked  oflF  by  an 
indented  line,  the  ora  serrata  (at  the  place  indicated  by  a  star  in 
fig.  270),  from  the  adjoining  attenuated  part  of  the  optic  vesicle, 
which  furnishes  the  ciliary  folds.  It  also  early  acquires  at  its  two 
surfaces  a  sharp  limitation  through  the  secretion  of  two  delicate 
membranes  :  on  the  side  toward  the  fundament  of  the  vitreous  body 
it  is  bounded  by  the  membrana  limitans  interna;  on  that  toward  the 
outer  lamella,  which  becomes  pigmented  epithelium,  by  the  membrana 
limitans  externa. 

In  the  course  of  development  its  cells,  all  of  which  are  at  first 
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alike,  become  HpectaliHed  in  very  differeDt  v/ays,  im  u  result  of 
which  there  ai-e  produced  the  well-known  luyets  diBtinguisbed  by 
Max  ScuuurzB.  I  shull  not  go  into  the  details  of  tim  hintological 
differentiation,  but  shall  mention  Gome  further  points  of  geneiiil 
importance. 

As  WiLHSLH  MtJLLEK  in  bis  "  Stammesentwicklung  deeSehorganH 
der  Wirbeltbiere "  haa  clearly  shown,  the  development  of  the 
originally  similar  epithelial  celb  of  the  retina  takes  place  in  all 
Vertebrates  in  two  chief  directions  :  a  part  of  tbem  become  sensory 
epitbebum  and  the  fipecific  strueturea  of  the  central  nervous  system— 
ganglionic  cells  and  nei^i---fibi-es ;  another  part  are  metamorphosed  into 
supporting  and  isolating  elements— into  MtiLLEa's  radial  fibres  and 
the  granular  [reticular  or  molecular]  layers,  which  can  be  grouped 
together  as  epithelial  sustentativo  tissue  (fulcrum).  l''inally,  with 
tbe  de^^eodante  of  the  epithelium  are  aesuciated  connective- tissue 
elements,  which  grow  from  the  surrounding  connective  tissue  into 
the  epithelial  layer  tor  its  better  nutrition,  in  the  same  manner  as 
in  the  central  nervous  syNtom.  These  ingrowths  are  branches  of  the 
arteria  centralis  retime  with  their  extremely  thin  connective-tissue 
sheaths.  The  Lampreys  alone  form  aa  exception,  their  I'etina 
remaining  free  from  blood-vessels.  In  all  other  Vertebrates  blood- 
vessels are  present,  but  they  are  bmiterl  to  the  inner  layei's  of  the 
retina,  leaving  the  outer  granular  (Kiirner)  layer  and  that  of  the 
rods  and  cones  free ;  the  latter  have  been  distinguished  as  sensoty 
epithelium  from  the  remaining  poi'tiuns  with  their  nerve-fibres  and 
ganglionic  cells — the  brain-part  of  the  retina. 

01  all  the  pai-ts  of  the  retina  the  laj/er  of  rods  and  conn  is  the 
last  to  be  developed.  According  to  the  investigations  of  KBllikkr, 
Babochin,  Max  Schultze,  and  W.  MtibLER,  it  arises  as  a  product 
of  the  outei-  granular  (Kbmer)  layei*,  which,  composed  of  fine 
apdndle-sliaped  elements,  is  hold  to  be,  as  ha«  been  stated,  tbe  essential 
sansory  epitbebum  of  the  eye.  In  the  Obick  tbe  development  of  the 
rods  and  cones  can  be  made  out  on  the  tenth  day  of  incubation. 
Max  Schultoe  states  concerning  young  Cats  and  Rabbit*,  wliich 
nro  bom  blind,  that  tbe  fundament  of  tbe  rods  and  cones  can  be 
distinguished  fur  the  fii-st  time  in  the  early  days  after  birth ;  in 
other  Mammals  and  in  Man,  on  tlie  contrary,  they  are  formed 
before  birth. 

In  all  Vertebrates,  as  long  as  i-ods  and  cones  are  not  present,  the 
inner  layer  of  the  nptif  cup  is  boundeil  on  the  side  toward  the  outer 
layei'  by  an  entirely  smooth  contour,  duo  to  the  membrana  Umitans 
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externa.  Then  there  appear  upon  the  latter  numerous,  small, 
lustrous  elevations,  which  have  been  secreted  by  the  outer  granules 
or  visual  cells.  The  elevations,  which  consist  of  a  protoplasmic 
substance  and  are  bi^ained  red  in  carmine,  become  elongated  and 
acquire  the  form  of  the  inner  limb  of  the  retinal  element.  Finally 
there  is  formed  at  their  outer  ends  the  outer  limb,  which  Max 
SOHULTZE  and  W.  MOller  compare  to  a  cuticular  product,  on 
account  of  its  lamellate  structure. 

Inasmuch  as  the  rods  and  cones  of  the  retinal  cells  grow  out  in 
this  way  beyond  the  membrana  limitans  externa,  they  penetrate 
into  the  closely  applied  outer  lamella  of  the  optic  cup,  which  becomes 
the  pigmented  epithelium  of  the  retina  (figs.  266,  267,  270  pi) ; 
their  outer  limbs  come  to  lie  in  minute  niches  of  the  large,  hexagonal 
pigment-cells,  so  that  the  individual  elements  are  separated  from 
one  another  by  pigmented  partitions. 

A  few  additional  words  concerning  the  connective  tissue  enveloping 
the  fundament  of  the  optic  cup.  It  acquires  here,  as  on  the  ciliary 
body  and  the  ins,  a  special,  and  for  this  region  characteristic,  stamp. 
It  is  differentiated  into  vascular  [choroid]  and  fibrous  [sclerotic] 
membranes,  which  in  Man  are  distinguishable  in  the  sixth  week 
(Kolliker).  The  former  is  characterised  by  its  vascularity  at  an 
early  period,  and  develops  on  the  side  toward  the  optic  cup  a  special 
layer,  provided  with  a  fine  network  of  capillary  vessels,  the  mem- 
brana choriocapillaris,  for  the  nourishment  of  the  pigment-layer  and 
the  layer  of  rods  and  cones,  which  have  no  blood-vessels  of  their 
own.  It  further  differs  from  the  ciliary  body  in  the  fact  that  at 
the  fundament  of  the  optic  cup  the  choroid  membrane  is  easily 
separable  from  the  adjoining  membranes  of  the  eye,  whereas  in  the 
ciliary  body  a  firm  union  exists  between  all  the  membranes. 

If  we  now  glance  back  at  the  processes  of  development  last 
described,  one  thing  will  appear  clear  to  us  from  this  short  sketch : 
that  the  changes  in  the  form  of  the  secondary  optic  cup  are  of 
preeminent  importance  for  the  origin  of  the  individual  rt»gions  of  the 
eye.  Through  diflFoi-ent  processes  of  growth,  which  have  i*eceived  a 
general  discussion  in  Chapter  IV.,  there  have  been  formed  in  the  cup 
three  distinct  portions.  By  means  of  an  increase  in  thickness  and 
various  diflferentiations  of  the  numerous  cell-layers,  there  is  foimed 
the  retina ;  by  an  increase  of  surface,  on  the  contrary,  is  produced 
an  anterior,  thinner  part,  which  bounds  the  pupil  and  is  subdivided 
into  two  regions  by  the  formation  of  folds  in  the  vicinity  of  the  lens. 
From  the  folded  part,  which  joins  the  retina  at  the  ora  serrata,  is 
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formed  the  epithelial  lining  of  the  ciliary  body ;  from  the  thin  portion 
which  ButTouuds  the  pupil  and  which  remains  smooth,  the  pigmented 
epithelium  (uvea)  of  the  iris.  Ooneequently  there  tire  now  to  be  distia- 
gimhed  on  the  secondary  optic  cup  three  regiona,  as  retinal,  ciliary, 
and  iridal  parts.  To  each  of  theee  territories  the  contiguous 
connective  tissue,  and  especially  the  part  which  becomes  the  middle 
tunic  of  the  eye,  is  adapted  in  a  partii^iilar  manner ;  here  it  furnishes 
the  connective- tissue  piate  of  tlie  iris  with  its  non-striated  muscu- 
lature, there  the  connective -tissue  framework  of  the  ciliary  body 
with  the  ciliary  muscle,  and  in  the  third  region  the  vascular  choroidea 
with  the  choriocapillaria  and  lamina  fusta. 

In  the  development  of  the  optic  cup  there  arose  on  its  lower  wall 
ft  fissure  (fig.  265  aus),  which  marks  the  place  at  which  the  funda- 
ment of  the  vitreou-s  body  grew  into  the  interior  of  the  cup.  What 
ia  the  ultimate  fate  of  thin  fissure,  which  is  usually  referred  t«  in  the 
literature  as  choroid  jtssjtre'i 

It  is  for  a  time  easily  recognisable,  after  pigment  haa  been 
deposited  in  the  outer  lamella  of  the  optic  cup.  It  then  appears  on 
the  lower  median  side  of  the  eyeball  an  a  clear,  unpigmented  streak, 
which  reaches  forward  from  the  entrance  of  the  optic  nerve  to  the 
margin  of  the  pupU. 

The  name  olioroid  fissure  takes  lis  origin  from  this  phenomenon.  It  was 
given  at  a  time  wheo  the  formaliou  of  the  optic  cup  was  not  ad«quiito1y  known, 
when  the  pigmetil^d  epitbelium  was  still  referred  to  the  oboroidea.  Therefore 
in  the  absence  of  pigment  along  a  clear  streak  oo  the  under  side  of  the  ejelall 
it  was  supposed  limt  a  detect  of  the  choroidea— a  choroid  Dsaure — had  been 
observed. 

The  clear  streak  afterwards  disappears.  The  fissure  of  the  eye  is 
closed  by  the  fusion  of  its  edges  and  the  deposition  of  pigment  in  the 
raphe.  In  the  Chick  this  takea  place  on  the  ninth  day,  in  Miin 
during  the  sixth  or  seventh  week. 

In  still  another  reepect  is  the  choroid  fisaui«  noteworthy. 

In  many  Vertebrates  (FLshes,  Reptiles,  Birds)  a  highly  vasculai' 
procetts  of  the  cboroidea  gi-uws  through  the  fissure,  before  its  closure, 
into  the  vitreous  Ixjdy  and  there  forma  a  lamellar  projection,  which 
extends  fi-om  the  optic  nerve  to  the  lens.  In  Birds  it  has  received 
the  name  "  pect«n,"  because  it  ia  folded  into  numerous  parallel  ridgea. 
It  conaiats  almost  entirely  of  the  walls  of  blood- vesaela,  which  are 
held  together  by  a  smiill  amount  of  a  black  pigmented  connective 
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The  closure  of  the  choroid  fissure  takes  place  at  an  early  period  and 
completely. 

Occasioaally  in  Man  the  normal  coui'se  of  development  is  int«r- 
mpted,  so  that  the  margins  of  the  choroid  fissure  remain  apart.  The 
usual  consequence  of  this  is  a  defective  development  of  the  vascular 
tunic  of  the  eye  at  the  correeponding  place — an  indication  of  the 
extent  to  which  the  development  of  the  connective-tisfue  envelope  is 
dependent  on  the  formative  proceasee  of  the  two  epithelial  layers,  as 
has  already  been  stated.  Both  retinal  and  choroidal  pigment  are 
therefore  wanting  along  a  streak  which  begins  at  the  optic  nerve,  so 
that  the  white  sclera  of  the  eye  shows  through  to  the  inside  and  can 
be  recognised  in  examinations  with  the  ophthalmoecope.  When  the 
defect  reaches  forward  to  the  margin  of  the  pupil,  a  fissure  is  formed 
in  the  iris  which  ifi  ea^y  recognised  upon  external  observation  of  the 
eye.  The  two  structures  resulting  from  this  interrupted  develop- 
ment are  distinguiHhed  from  each  other  as  dioroidal  and  iridal Jiatwet 
(coloboma  choroidefs  and  coloboma  iridis). 


{d)  The   Devdopment  of  the  Optic   Nerve. 

The   stalk  of  the  opiie  veaicle  (fig.   272),  by  which  the  veacle  is 

united  with  the  between-brain,  is  in  direct  connection  with  both 

lamellte  of  the  optic  cup,  the  primary 

optic  vesicle  having  been  infolded  from 

below  by  the  fundament  of  the  vitreous 

body  Xo  form  the  cup.     Its  doraal  wall 

Ls  continuous  with  the  outer  lamella  or 

pigment -epithelium  of  the  retina ;  its 

ventral  wall  ie  prolonged  into  the  inner 

lamella,    which    becomes    the    retina. 

JAiM,  aside  frmn  ikt  formalMn  of  the 

vitreous    body,    the    development    of   a 

choroid  JUaure  also  has  a  agnifioanee 

in  view  of  the  jxraietence  of  the  direct 

connection    between,    retina    and    optic 

nerve.      For  if  we  conceive  the  optic 

mUun'™o!ri;  iir"io"I™Vftort-      ve«icle  invaginated  merely  at  its  an- 

UM,  ciioiuid  tmoKi;  yi,  >iin»ii>      tenor  face  by  the  lens,  the  wnll  of  the 

' '  '  optic  iier\e  would  bo  continued   into 

the  outer,  uninvagiiiated  lamella  only;  direct  connection  with  the 

retina  itself,  or  the  invaginated  part,  would  be  wanting. 
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Origin.illy  the  optii!  nerve  in  a  Uihf  with  a  hiuaII  lumeo,  which 
iinitca  the  cavity  of  the  optie  vesicle  with  the  third  ventricle 
(Sg.  264  A).  It  is  gradually  con vei-ted  into  a  solid  cord.  In  the 
case  of  most  Voi-tebrftt«s  thLs  is  profhiced  simply  by  a  tliickening  of 
the  walls  of  the  stiilk,  due  to  cell-proliferation,  until  the  cavity  is 
obliterated.  In  Mammals  only  the  larger  portion,  that  which  adjuns 
*  the  brain,  ia  metamorphotned  in  this  manner;  the  smaller  part,  that 
which  is  united  with  the  optic  vesicle,  is,  on  the  contrary,  infolded  by 
the  prolongation  of  the  choroid  fissui'e  backward  for  some  distance, 
whereby  the  ventral  wall  is  pressed  in  against  the  dorrutl.  Con- 
sequently the  optic  nerve  here  assumes  the  form  of  a  groove,  in 
wliich  is  imbedded  a  connective-tissue  cord  with  a  blooil-vessel  that 
becomes  th6  arteria  centralis  retinw.  By  the  growing  together  of 
the  edges  of  the  groove,  the  cord  afterwards  becomes  completely 
enclosed. 

For  a  time  the  optic  nerve  consist*  exclusively  of  spindle-shaped, 
radially  arranged  cells  in  layers,  and  resembles  in  its  finer  structure 
the  wall  of  the  brain  and  the  optic  vesicle.  DifTei'eDt  views  are  lield 
concerning  its  further  metamorphoses,  and  especially  concerning  the 
oi'igin  of  nerve-fibres  in  it.  DiH'erences  similar  to  those  concerning 
the  origin  of  the  periphiTal  nerve-fibree  are  maintained.  Upon  this 
point  thre«'  theorioi  have  been  brought  forward. 

According  to  the  older  view,  which  LieberkDhn  shares,  the  optic 
fibres  are  developed  in  loco  by  the  elongation  of  the  spindle-shaped 
cells.  According  to  His,  KSllikeh,  and  W.  MUller,  on  the  con- 
trary, the  wall  of  the  optic  vesicle  furnishes  the  sustentative  tissue 
only,  whereas  the  nerve-fibres  grow  into  it  from  oulside,  eitfier  from 
the  brain  Imoard  theretina  (His,  Kollikbr),  or  in  the  reverie  direction 
(MDller).  The  stalk  of  the  optic  vesicle  wonld  constitute,  aooording 
to  tills  view,  only  a  guiding  structure  as  it  were — would  predeter- 
mine the  way  for  its  growth.  When  the  ingi-owth  has  taken  place, 
the  sustentative  cells  are,  as  Ki^LLiKEB  describes  them,  arranged 
radially  .and  so  united  with  one  another  that  they  constitute  a 
delicate  framework  with  longitudinally  elongated  spaces.  In  the 
latter  aro  Iwlgi^l  the  smnll  bundles  of  very  fine  non-nuclear  nerve- 
fibres  and  numerous  cells,  arranged  in  longitudinal  rows,  which 
likewise  belong  to  the  epithelial  suatentative  tissue  and  help  to 
complete  the  trestle-work. 

The  embryonic  optic  nerve  is  enveloped  in  a  connective-tissue 
aheath,  which  is  separated,  as  in  the  case  of  the  bnun  and  secondary 
optic  cup,    into   an   inner,   soft,   vaiicular  and    an   out^r  compact 
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fibrous  layer.  The  former,  or  the  pial  sheath,  unites  the  pia  mater 
of  the  brain  and  the  choroid  membrane  of  the  eye  ;  the  latter,  or  the 
dural  sheath,  is  a  continuation  of  the  dura  mater  and  at  the  eye- 
ball becomes  continuous  with  the  sclerotica.  Later  the  optic  nerve 
acquires  a  still  more  complicated  structure,  owing  to  the  fact  that 
vascular  processes  of  the  pial  sheath  grow  into  it  and  provide  the 
nerve-bundles  and  the  epithelial  sustentative  cells  belonging  to  them 
with  connective-tissue  investments. 

As  has  been  previously  stated,  the  direction  in  which  optic  fibres  grow  into 
the  stalk  of  the  optic  vesicle  is  still  a  subject  of  controversy.  His,  with  whom 
KOllikbb  is  in  agreement,  maintains  that  they  g^w  out  from  gpronps  of  gang- 
lionic cells  (thalamus  opticus,  corpora  qoadrigeroina),  and  are  only  secondarily 
distributed  in  the  retina.  He  supports  his  view  on  the  one  hand  by  the  agree- 
ment in  this  particular  which  exists  with  the  development  of  the  remaining 
peripheral  nerves,  and  on  the  other  by  the  circumstance  that  the  nerve-fibres 
are  first  distinctly  recognisable  in  the  vicinity  of  the  brain. 

W.  MOlleb,  on  the  contrary,  believes  that  the  outgrowth  takes  place  in  the 
opposite  direction ;  he  maintains  that  the  nerve-fibres  arise  as  prolongations  of 
the  ganglionic  cells  located  in  the  retina,  and  that  they  enter  into  nnion  with 
the  central  nervous  apparatus  only  secondarily.  He  is  strengthened  in  his 
opinion  by  the  conditions  in  Petromyzon,  which  he  declares  to  be  one  of  the 
most  valuable  objects  for  the  solution  of  the  controversy  concerning  the  origin 
of  the  optic  nerve.  I  refer,  moreover,  in  connection  with  this  controversy,  to 
the  section  which  treat^s  of  the  development  of  the  peripheral  nervous  S3'8tem 
(p.  452). 

(e)  The  Development  of  tlic  Accessory  Apparatus  of  the  Eye, 

There  are  associated  with  the  eyeball  auxiliary  apparatus,  which 
serve  in  different  ways  for  the  protection  of  the  cornea :  the  eyelids 
with  the  Meibomian  glands  and  the  eyelashes,  the  lachrymal  glands 
and  the  lachrymal  ducts. 

The  eyelids,  the  upi)er  and  under,  are  developed  at  an  early  period 
by  the  formation,  at  some  distance  from  the  margin  of  the  cornea,  of 
two  folds  of  the  skin,  which  protrude  beyond  the  surface.  The  folds 
grow  over  the  cornea  from  above  and  below  until  their  edges  meet 
and  thus  produce  in  front  of  the  eyeball  the  conjunctival  sac,  which 
opens  out  through  the  fissure  between  the  lids.  The  sac  derives  its 
name  from  the  fact  that  the  innermost  layer  of  the  lid-fold,  which  is 
reflecU'd  on  to  the  anterior  surface  of  the  eyeball  at  the  fornix  con- 
junctiva), is  of  the  nature  of  a  mucous  membrane,  and  is  designated 
as  the  conjunctiva,  or  connecting  membrane,  of  the  eye. 

In  many  Mammals  and  likewise  in  Man  there  is  during  embryonic 
life  a  temporary  closure  of  the  conjunctival  sac.     The  edges  of  the  lida 
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l>c<<x>me  iiniUid  throughout  their  whole  extent,  theii'  Hjiithelul  inreat- 
tiieulK  fuHing  with  eutli  otht<r.  In  Mnn  tho  coiicrmcence  bagiiw  in 
tht-  third  month,  ami  UHunUy  unUergoeH  retrogrenHiou  a  short  time 
before  birth.  Bnt  in  many  Reptiles  {Snakex)  the  cloHure  is  pertna- 
uent.  Thna  a  thin  tmnnpivrent  membraue  is  formed  in  front  of  the 
cornea. 

In  Mnn  during  the  concreecente  of  the  eyelids  there  are  developed 
at  their  margins  the  Meibomian  glands.  The  cells  of  the  rete 
Miilpighii  begin  to  proliferate  andtownd  into  the  middle  couneotive- 
tiasue  plate  of  the  <:>yolid  solid  rode,  which  afterwni'dH  become  covered 
with  lateml  bud.'*.  The  glands,  at  first  entirely  solid,  acquire  a 
lumen  by  the  fatty  degeneration  and  dissolution  of  the  axial  cells. 

At  about  the  time  of  the  development  of  the  Meibomian  glands, 
the  formation  of  the  eyelashes  takes  place  ;  this  correaponda  with  the 
development  of  the  ordinary  hair,  and  therefore  will  lie  considered 
along  with  the  latter  in  a  snbsequent  section  of  this  chapter. 

In  motit  of  the  Yertebratett  there  is  associated  with  the  upper 
and  under  lids  Mtill  a  third,  the  nietitatiitg  membrane  or  mi'Oibrana 
nictitaiiK,  which  is  formed  at  the  inner  [median]  side  of  the  eye  aH 
a  vertical  fold  of  the  conjunctiva.  In  Man  it  h  [ii'efient  only  in  a 
rudimentary  condition  as  plica  semilunaris,  A  number  of  small 
Inlands  which  arc  developed  in  it  produce  a  small  reddish  nodule, 
the  caruncnla  locrymalia. 

The  hehri/Tnal  gland  is  an  additional  auxiliary  organ  of  the  eye, 
which  is  ileHtined  to  keep  the  sac  of  the  conjunctiva  moist  and  the 
anterior  surface  of  the  cornea  clean.  In  Man  it  is  developed  in  the 
third  month  thi-oiigh  the  formation  of  bnds  from  the  epithelium  of 
the  conjunctival  sac  on  the  outer  side  of  the  ej'e,  at  the  place  where 
the  conjunctiva  of  the  upper  lid  is  continuous  with  that  of  the  eye- 
ball. The  buds  form  numerous  branches,  and  are  at  first  solid,  like 
the  Meibomian  glands,  but  gradually  become  hollow,  the  cavity 
banning  with  the  chief  outlet  and  extending  toward  the  finer 
branches. 

A  special  efferetit  lackiynuU  apparatus,  which  leadfi  from  the  inner 
angle  of  the  eye  into  the  nasal  cavity,  has  been  dcvelojied  for  the 
removal  of  the  socretionn  of  the  various  glands  collect«d  in  the 
conjunctival  sac,  bub  particularly  the  Uchrymal  fluid.  Such  an 
apparatus  is  present  in  all  classes  of  Vertebrates  from  the  Amphibia 
Upward ;  its  development  has  been  especially  investigated  by  Burn  in 
a  series  of  researches. 

In  the  Amphibia  it  bogimi  to  be  foi-med  at  the  time  the  process  of 
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chonilrific<ation  l>eix>nies  obKorviihlo  in  the  in«>inbraDoivi  nasat  capnule. 
At  tliat  lime  tlio  mueoun  hiyer  of  tlio  epidermic,  along  a  line  that 
extends  fi-oiii  the  mediuii  nide  of  the  e^e  directly  to  the  naaal  cavity, 
undergoes  prolifemtion  and  Rinka  into  the  underlying  connective- 
timiie  layer  as  li  mliil  ridtje.  Then  from  the  nose  to  the  eye  the 
ridge  becomes  constrictod  off, Hubaoquently  acqiiireea lumen,  whereby 
it  is  convertiHl  into  a  eanal  lined  with  epithelium,  and  opens  out  into 
the  iiatuil  cavity.  Toward  the  eye-end  the  canal  is  divided  into  two 
tubulos,  which  at  thu  time  of  detachment  from  the  epidermiB  remain 
in  connection  with  the  conjunctival  sac  and  suck  up  out  of  it  the 
Inchrymal  fluid. 

In  Birds  and  Mammalx,  including  Man  (fig.  273),  the  place  where 
the  lachrymal  dut-t  is  liiciited  ls  early  marked  i-xttrnally  by  a  furrow 
which   runs  from   the  inner  angle  of 
the  oye  to  the   naxal   chamber.      By 
means  of  thin  furrow  two  ridgee,  which 
play   an    important   part   in   the  for- 
mation  of    the    face, — the    maxillary 
proccKR  and   the  outt>r   nasal    procetw, 
— aro  sharply  marked   off  from   each 
other ;   these  will   engage  our  atten- 
tion   later.     According   to  C08TB  and 
KtiLLiKEit  the  lachrymal   duct   arises 
""■^"-^  V^S^^      ^y  ^^^'  ^^^V^"  approximation  and  con- 
«uu  h*n  bHB  nmsTtd  ta      ereseenco  of  the  t'dgea  of  the  lachrymal 

S;4.TS.i';.X.™'  "  l'™"-  ■^"°  ■>'''"■■  """l"*"  l>«ve 
been  i«ntradict«d  by  Bobn  and  Legal, 
one  of  whom  bus  iTivestigated  ReptileK  and  Birds,  the  other  Mammale. 
Accoiiling  to  tliem  thoro  arisew,  in  nearly  the  same  manner  as  in 
Amphibia,  tlmmgh  proliferation  of  the  mucous  opitbeUum,  at  the 
bottom  of  the  lachrymal  groove  an  epithelial  ridge,  which  becomes 
detached  bnt  is  not  converted  into  a  canal  until  a  rather  late  period. 

When  we  raise  the  question,  how  phylogenetiually  the  lacbrymnl 
duct  may  hiive  first  originated,  we  shall  doubtless  find  that  it  bos 
been  derived  from  a  groove,  by  means  of  which  the  sac  of  the  con- 
jnnctiva  and  the  nasal  chamber  are  firiit  put  into  connection.  When, 
therefore,  we  si*  the  lachrymal  duct  established  from  the  very  begin- 
ning simply  us  a  wlid  ridge,  iis  for  example  in  the  Amphibia,  we 
must  call  to  mind  how  in  other  cases  also  originally  groove-like 
fundaments,  such  as  the  medullary  fiu-row,  make  their  appearance, 
imder  special  circumstances,  as  solid  ridges. 
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li^Dally,  HB  fur  OS  regard»  tbc  'levelopmeDt  of  the  lactirjmal  tnbulee  in  Binls 
mid  Mnminala,  Born  and  Leqal  refer  the  upper  tubule  to  the  provlmtil 
part  lit  the  epithelial  ridge,  and  ninintain  tbat  the  lower  one  bnds  ont  troia 
the  upper.  EwBTaKlT,  on  tbc  L-ontmcy,  declares  that  the  proximal  end  of  the 
upitbdial  ridge  oiqiands  at  the  inner  angle  of  the  ej'e,  and  becomes  divided 
bf  the  ingrowth  of  anderlying'  concectivc  tissne,  and  melaniorpliosed  into  the 
two  ttibnles.  BO  that  both  nriso  from  a  common  fundament. 


Sl'MMAHY. 

1.  The  lateral  walls  of  the  primary  fore-braia  vesicle  are  evagioatod 
to  form  the  optic  veaiclen. 

2.  The  optic  vesicles  remain  united  by  means  of  a  Btalk,  the 
future  optic  nerve,  with  that  part  of  the  primary  fore-brain  vesicle 
which  becomes  the  between -brain. 

3.  Ttie  optic  voMcIe  in  convortod  into  the  optic  cup  through  the 
invagination  of  ita  lateral  and  lower  walls  by  the  fundaments  of  th<? 
lemi  and  vitreous  body. 

4.  At  the  place  where  the  lateral  wall  of  the  primary  optic  vesicle 
encounters  the  outer  germ-layer,  the  latter  beoomefi  thickened,  then 
depressed  into  a  pit,  and  finally  constricted  off  as  a  lens-vesicle. 

6.  The  cells  of  the  posterior  wall  of  the  lens-vesicle  grow  ont  into 
lens-fibres,  those  of  the  anterior  wall  become  the  lens-epithelium. 

6.  The  funilnment  of  the  lens  in  enveloped  at  the  time  of  it» 
principal  growth  by  a  vascular  capsule  (tuuica  vasculoea  lentis),  which 
afterwards  entirely  disappeanj, 

7.  The  membrana  capsido-piipillaris  is  the  anterior  part  of  the 
tunica  vasculoaa  lentis  and  lies  behind  the  pupil, 

8.  The  development  of  the  viti-eous  body  causes  the  choroid 
fissure. 

9.  The  optic  cup  has  double  walls ;  it  coDsists  of  im  inner  and  an 
outer  epithelium,  which  are  continuous  with  each  other  at  the  open- 
ing of  tlie  c\ip,  which  embraces  the  lens,  and  at  the  choroid 
fissure. 

10.  Meseucbymatic  cells  from  the  vicinity  grow  in  between  the 
lens  and  the  somewhat  closely  applied  epiilermis  to  form  the  cornea 
and  Descekht's  membrane,  the  latter  being  separated  from  the 
tunica  vasculosa  lentis  by  a,  figure,  the  anterior  chamber  of  the 
eye. 

11.  The  optic  cup  is  differentiated  into  a  posterior  portion,  within 
the  territory  of  which  it^  inner  layer  becomes  thickened  and  con- 
stitutes the  retina,  and  iin  anterior  portion,  which  begins  at  the  ora 
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serrata,  becomes  very  much  reduced  in  tliicknesK,  and  extt^nds  over 
tlio  front  8urf}ico  of  the  lens,  growing  into  the  anterior  chamber  of 
the  eye  until  the  originally  wide  opening  of  the  cup  is  reduced  to  the 
Hize  of  the  pupil. 

12.  The  anterior  attenuated  portion  of  the  cup  is,  in  turn,  divided 
into  two  zoneR,  of  which  the  pofiterior  becomes  folded  at  the  periphery 
of  the  equator  of  the  lens  to  form  the  ciliary  processes,  whereas  in 
front  it  remains  smooth ;  so  that  in  the  whole  cup  three  parts 
may  now  bo  distinguished,  as  retina,  pars  ciliaris,  and  pars  iridis 
retins. 

13.  Corresponding  to  the  three  portions  of  the  epithelial  optic  cup, 
the  adjoining  connective -tissue  envelope  takes  on  somewhat  different 
conditions  as  the  choroid  proper,  and  as  the  connective-tissue  frame- 
work of  the  ciliary  body  and  that  of  the  iris. 

14.  The  skin  surrounding  the  cornea  becomes  infolded  to  form  the 
upper  and  lower  eyelids  and  the  nictitating  membrane,  of  which  the 
last  is  rudimentary  in  Man,  persisting  only  as  the  plica  semilunaris. 

15.  The  epithelial  layers  of  the  edges  of  the  two  eyelids  grow 
together  in  the  last  months  of  development,  but  become  separated 
again  before  birth. 

16.  The  lachrymal  groove  in  Mammals  pa&ses  from  the  inner 
angle  of  the  eye,  between  the  maxillary  and  outer  nasal  prooessos, 
to  the  nasal  chamber. 

17.  The  lachrymal  duct  for  carrying  away  the  lachrymal  fluid  is 
formed  by  the  downgrowth  and  constricting  off  of  an  epithelial  ridge 
from  the  l)ottom  of  the  lachrymal  groove,  the  ridge  becoming 
hollow. 

18.  The  two  lachrymal  tubules  are  developed  by  the  di\Tsion  of  the 
epithelial  ri<l^e  nt  the  angle  of  the  eye. 


B.  Tlie  Devdojyinent  of  the  Organ  of  Hearing, 

In  the  case  of  the  ear  numerous  parts  of  quite  different  origin 
unite,  in  much  the  same  manner  as  in  the  case  of  the  eye,  to  form  a 
single  very  complicated  apparatus ;  of  these,  too,  it  is  the  poi-tion 
to  which  the  auditory  nerve  is  distributed — the  membranous  labyrinth 
with  its  auditory  epithelium — that  is  by  far  the  most  important,  out- 
stripping as  it  does  all  the  remaining  parts  in  its  development :  it 
must  consequently  be  considered  first. 


THE  ORGANS   OF  THE  OUTER   OEllH-t 


(a)  The  Bevelopmenl  of  the  Oloei/at  into  tJie  Lahyi-inth, 

The  lutimbranoua  liibyrinth  is  [ipeeminontij  a  pi-oiliict  of  the  outer 
germ-layer.  However  great  its  complication  tn  the  adiUt  is,— a 
complication  that  him  giveu  it  the  uauio  labyrinth, — itti  earliext 
fundament  is  exoeediogly  aimple.  It  arises  on  the  doraal  surface  of 
the  embryo  in  the  region  of  the  medulla  oblongata  (tig.  263  gb),  a^iove 
the  first  viuctTftl  cleft  iind  the  attachment  of  the  second  visceral  arch 
(fig.  274  above  the  numeral  3).  Here  over  a  cii-cular  tei-ritory  the 
out«r  germ-layer  becomes  thickened  and  soon  sinks  down  into  an 
MtdiU/Fy  pit.  This  process  can  be  traced  \-ery  easily  in  the  embryo 
Chick  on  and  after  the  end  of  the  necond  day  of  incubation,  ami 
in  the  embryo  Rabbit  fifteen 
days  old  The  auditorj  ni  rve 
makes  its  way  from  the  btain, 
near  at  hand,  to  the  fundus 
of  the  pit,  whei-e  it  terminati  -4 
in  a  ganghomc  enlargement 

The  Bony  Fishes  iil.  ne  ex 
hibit  a  deviation  fiom  these 
conditions.  JiLst as tlie central 
nervous  system  was  in  iheir 
case  formed  not  as  a  tube,  but 
as  a  solid  body,  and  the  eye 
not  as  a  vesicle,  but  a-*  an 
epithelial  ball,  so  we  see  hero 
that  instead  oF  an  auditory 
pit  there  is  formed  by  means 

of  the  prohforation  of  tiie  outer  germ-layer  a  solid  epithelial  plug. 
This,  like  the  bi'ain-tube  and  the  eye-vesicle,  acquirei4  an  internal 
chamber  at  a  later  peiiod  only — namely,  after  being  constricted  ulT. 

Tlie  next  st^ige  shows  the  pit  converted  iiito  an  auditory  vemcle. 
In  the  Chick  this  takes  place  in  the  ivurse  of  the  thinl  day.  The 
invagination  of  the  outer  germ-layer  grows  deeper  and  deepei-,  and 
by  the  approximation  of  its  margins  becomes  pear-shaped  ',  soon  the 
cxmnection  with  the  outer  germ-layer  becomes  entirely  lost,  as  is  shown 
by  a  section  through  the  head  of  an  embryo  Sheep  (fig,  376  Hi). 

In  nearly  all  Vertebrates  the  auditory  vesicle  is  constricted  olT 
from  the  ectoderm  in  tho  same  manner.  The  Selachians  are  An 
exception :  here  the  auditory  v&sicle  which  is  metamorphosed  into  the 
labyrinth  retains  permanently  its  connection  with  the  surface  of  the 


flilpatcd  by  numeralo,  from  which  tlui 
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body  in  tlie  form  of  a  long  narrow  tube,  which  traverseB  the  cartila- 
ginous primordial  cranium  and  is  in  union  dorsally  with  the  epidermic 
at  the  surface  of  the  body,  where  it  possesaes  an  external  opening. 

In  iu  Jirgt  fundnment  the  organ  of  hearing  in  Vertebratet  retembU* 
in  the  highest  degree  those  etrvcttvrea  which  in  the  iTtverlebrates  are 
interpreted  ae  organe  of  htaring.  Theue  are  lymph-filled  vedclea  lying 
under  the  akin,  which  are  likewise  developed  out  of  the  epid^^nis. 
Either  thoy  are  wholly  constricted  off  from  the  epidemuB,  or 
they  remain  connected  with  it  by  means  of  a  long,  ciliate,  epithelial 
cannl,  an  in  the  OepbatopodH,  even  after  they  have  become  surrounded 
by  connective  tissue.  In  both 
cases  the  vesicles  are  lined 
with  epithelium  which  con- 
sists of  two  kinds  of  cells : 
first  of  low,  flat  elements, 
which  ordinarily  exhibit  ciliaiy 
movements  and  thereby  put 
in  motion  the  fluid  within  the 
vesicle,  and  secondly  of  longer 
cylindrical,  or  thread-like,  au- 
ditory cells  with  stiff  hairs, 
which  project  into  the  endo- 
lymph.  The  auditory  cells  are 
either  distributed  individually 
over  the  inner  surface  of  the 
auditory  vesicle  or  arranged 
in  groups,  or  they  are  united 
at  a  particular  place  into  an 
auditory  epithelium, — the  au- 
ditory patch  (macula  acustica) 
or  the  auditory  riilge  (crista  acustica), — ^which  may  be  either  single 
or  double.  To  all  the  auditory  vesicles  of  the  Invertebrates  there 
is  sent,  moreover,  a  nerve  which  ends  at  the  sensory  cells  in  fine 
fibrillar.  Finally,  there  is  present  as  a  characteristic  structure  a 
firm,  cr3'stalline  body,  the  otolith,  which  is  sii.'speuded  in  the  midst 
of  the  endolymph  and  is  ordinarily  set  in  vibration  by  the  motion 
of  the  cilia.     It  consists  of  crj'stals  of  phosphate  or  carbonate  of 

Sometimes  there  is  only  a  single  large,  in  most  cases  concentrically 
laminated,  spherical  body,  sometimes  a  number  of  small  calcareous 
crystals,  which  are  held  together  by  means  of  a  soft  pulpy  substance. 
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It  is  difficult  to  follow  the  formation  of  the  ololitlis  witliin  the 
otocyat.  In  ono  cose,  which  Fol  wm  able  to  fullow,  they  were 
developed  by  an  epitbeliat  cell  in  the  wnll  oE  the  vesicle.  The  cell 
aecretes  small  calcareoiw  concretions  in  itti  pi'otoplasni,  beoomeM 
enlai-ged  in  fonsequonce,  and  pi'otnijeti  iis  an  elevation  into  the 
endolymph.  When  it  has  become  more  heavily  loaded  with  calcic 
salts,  it  is  oonnectad  with  the  wall  by  means  of  a  Mtalk  only,  and 
finally  it  becomes  entirely  detached  fi-oin  the  wall  and  falls  into  the 
cavity  of  the  vesicle,  in 
which  it  is  kept  float- 
ing and  rotating  by  the 
ciliate  cells. 

In  Vertebrates  the 
otocyst,  which,  as  we 
have  Been,  agrees  in  il^ 
first  fundament  with 
the  organ  of  hearing 
in  Invertebmtee,  is  con- 
verted into  a  very  com  - 
plicated  structiu'c, — the 
membranous  labyrintli, 
— the  evolution  of  which 
in  MammaU  I  F<hall  ile- 
Boribe  in  some  detail. 
It  undergoes  metamor- 
phosee,  in  which  the 
formation  of  folda  and 
eoiulrietiona  plays  the 
principal  purt  (fig.  276). 

The  iiudiUiry  wic  de- 
tached   from    the    epi- 
dermis, and  lying  at  the 
side  of  the  iif tor- brain,  m> 
jectiun.  thf  rneeamu  lahi/ri 
Probably  we  have  to  ilo 
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exhibits  a  small,  doradly  dii'ected  pro- 
i  or  duetua  «iidoli/7ii}JKUiou»  (fig.  275  rl). 
this  with  the  remnant  of  the  original 
stnlk  by  means  of  which  the  auditory  vcniclo  was  connected  with  the 
epidermit;.  Acooithnj;  to  some  investigatoi-s,  on  the  contrary,  the 
stalk  disappeni's  entiivly  and  this  evagination  is  a  now  striictnre. 
The  lii'st  assumption  is  favored  especially  by  the  previously  mentioned 
condition  in  the  SelacluaiiN— the  presence  of  a  long  tul)6,  which 
mainlninK  a  iiermanent  connection  between  labyrinth  and  epidermiu. 
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Luter  this  appendage  of  the  labyrinth  (figc  276-9  nf  glows  oot 
doiitaUy  to  a  gi'eat  length,  during  which  its  walls  come  into  close 
(-■ontact  with  each  otlier,  excepting  at  the  blind  enil,  which  is  enlarged 
into  a  small  sac  (Hg.  27S  rl  *). 

Meanwhile  the  imditory  sac  ibwlf  {%«,  275-7)  begins  to  bo 
elongated ' and  to  lie  foraied  into  n  ventrally  dii-ected  conical  prooen 
((fc),  Uiejirgt/iaitlament  of  the  diu-tiiji  eoe/Uearie,  which  is  curved  inwami 
ft  httle  toward  the  brain  (fig.  277  nA),  and  the  ooucave  dde  of  which 
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lien  in  close  contact  with  the  previously  mentioned  ganglioDic  enlarge- 
ment {yc)  of  the  auditory  nerve  (hn). 

It  will  be  serviceable  in  the  following  doMcription  if  we  now 
distinguish  on  npjier  and  a  Uncer  divition  o/tlie  luht/rinUi.  They  ant 
not  yet,  it  is  true,  distmctly  delimited  from  each  otlier,  but  in  later 
stagea  they  become  more  xhoi'ply  separated  by  an  in  ward-pro jectJng 
fold  (ligK.  2T7-9/). 

The  uyjtw  jnrC  {para  gtipa-wr)  fumislie»  l/ie  utricitiat  and  tA« 
ssmiei-nuUtr  camaU.  Of  the  latter  the  two  vertical  canals  ariiie  firet, 
the  liorisontal  cunal  Iwiug  formed  Utur.    The  method  of  their  uiigia 
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wax  early  jiscci-tained  liy  the  aoologistRATOKE  in  the  case  of  Coluber, 
Recently  Krause  Las  eLill  furtbei'  ehicidnted  the  interesting  pro- 
cesses by  the  comttructioQ  of  wiix  mudeU  of  the  conditions  In 
mammtitiaii  embryou. 

As  iji  to  be  seen  from  the  various  sections  (figs,  277,  278),  but  still 
better  from  the  model  (fig.  276)  produced  by  reconBtruction,  the 
eemicirciilar  canals  aie  developed  by  the  protrusion  of  several  evagina- 
tiomt  of  the  wall  of  the  sac,  which  have  the  form  of  thin  pockets  or 
discK  {/ill,  vb)  with  a 
seuiiciivular  outline. 
The  marginal  part  of 
each  such  evaginn- 
tion  now  becomee 
considerably  en- 
largi^d,  where-ns  the 
remaining  portions 
of  the  two  epithelial 
layers  come  into  dose 
contact  and  begin  to 
fuse.  As  the  result 
of  this  simple  process 
— the  enlargement  at 
the  margin  and  the 
fusion  of  the  walls 
which  takes  place  in 
the  middle — there  is 
foi-med  a  semicirculai 
canal,  which  commu- 
nicatee at  two  places 
with  the  original 
cavity  of  the  vesicle. 
At  one  of  its  open- 
ings the  canal  i.-  early  enlarged  into  an  amjiuUa  {fig.  276  nrn 
and  am').  The  middle  part,  in  which  the  fusion  has  taken  place, 
Hoon  disappears,  the  e[>ithelial  membrane  being  broken  through  by  a 
growth  of  the  connective  tLssne  (fig,  276  e). 

Hiere  exists  an  interesting  difference  between  the  development  of 
the  horiwintal  and  the  two  vertical  canals,  which  wn-s  discovered  by 
KftAVBE.  Whereas  the  horizontal  canal  is  established  ns  a  small 
pocket  by  itself  (fig.  376  kh),  the  tioo  vertical  oanala  ai*uw  toijethier 
Jrom  a  aimjie  large  pocist-Uke  fmulaiiimit  (fig.  276  am  (vh),  *,  »/)'). 
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The  walls  of  thU  Urge  pocket  come  into  contact  with  each  other  &nd 
fuse  at  two  difTereot  places.  At  one  of  them  there  has  already 
been  formed,  in  the  pi'eparation  from  which  this  model  (fig.  376)  wan 
rontitructed,  an  opening  (ii)  by  the  reeorption  of  the  fu§ed  epithelial 
areas,  whereais  ut  the  second  place  (vb')  the  epithelial  membrane  is 
still  preser\'ed.  Between  the  fuHcd  parts  of  the  pocket  there  remains 
open  a  middle  region,  which  is  indicated  in  the  model  by  bji  ast«riKk, 


8ba*p  tmbrja  I* 


iind  this  l)ecoi]ie«  the  common  ui-m  (sinus  supenur)  of  the  two  verticul 
canals.  Thus  embryology  furnishes  for  this  peculiarity,  too,  a  simple 
satisfactory  explanation. 

That  which  remains  of  the  upper  portion  of  the  auititory  vesicle, 
after  the  Mtmicirculnr  ciknals  have  grown  forth  from  its  wall,  in 
called  the  uiTundut  (figa.  278-80  U). 

Meanwhile  no  less  significAnt  and  fundnmvntAl  allertUiona  lake 
jilaee  in  the  lower  })arl  of  tJte  auditory  sac  and  lead  to  the  formation 
of  KKculue  and  ductus  cochlear^. 


C"-- 
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By  u  continimlly  deppuriing  i«nstriction  (fig,  2T!)  /)  the  lower 
portion  {S)  in  dt-liinited  from  the  utrifuhis  {U),  and  finally 
i-emahiH  connected  witli  it  by  ii  very  narrow  tiihulo  only  (i^nalu 
utriculo-sacfuhiris — tigs.  280  ti  and  982  a).  Sine©  the  constriction 
aHecttt  exactly  that  place  of  tlio  Inbyriiith-sac  from  which  the 
receiKus  Inbyriuthi  ari»e8,  thn  opening  of  the  latter  subsequently 
oome8  to  lie  within  the  teiritory  of  the  cannlis  ntriculo-saccularia,  at 
nlmiit  its  middle  (tigs.  280  J{  >tnd  '282  ,).  In  tliiK  manner  there  Is 
prwKiiied  an  appearfiuce  ns  though  the  rtcessns  labyrinthi  were  split 
at  its  beginning  into  two  uarrow  tubidaa,  one  of  which  leads  into  the 
Kacculiis,  tho  other  into  the  utriculuH. 

By  a  second  deep  constriction  (figs.  279,  280.  282)  the  saccuIuR 
{.S')  is  separated  from  the  devt'lopiiig  ductiia  iix'hlearis  (ffc).  Ifore 
also  a  connection  is 
maintained  by  meitiui 
of  an  extraordiiiaiily 
fine  mnnecting  tubule 
oidy  (or),  which  IIensbn 
discovered  and  has  de- 
scribed as  caiuUia  re- 
unieiu.  The  ductus 
oochIeari§  itself  in- 
creases greatly  in 
length,  and  at  Iho  same 
time  begins  to  be  rol]e<l  luiifrintin ;  c,  axhim;  k,  biimi  kd  at  the  copoi*; 

np    in   spiral    turns    in  >■.  — t(b«l«blmi«.of  ih,dmiu.«»hj«rU. 

the  Koft,  envt  loping,  em- 
bryonic connective  tissue,  until  in  Man  it  describee  two  and  a  half 
turns  (figs.   380  C  and   282   C<m).      Since   the  first  whorl  is  the 
largest,  and  the  others  are  successively  narrower,  it  acquires  a  great 
resemblance  to  a  snail-sliell. 

The  alterations  in  the  external  form  of  the  vesicle  are  accompanied 
hj  changes  in  the  nature  of  its  epithelium  also.  This  is  xeparated 
into  the  indifferent  epithelial  cells,  which  simply  tierve  as  a  lining, 
and  the  real  auditory  cells.  The  former  are  flattened,  becoming 
cubical  or  scale-like,  and  cover  the  gi-eater  port  of  the  inner  surface 
of  the  semicircular  canab,  the  sacculus,  the  utriculus,  the  recessus 
l&bynnthi,  and  the  ductus  cochlearis.  The  auditory  celb,  on  the 
contrary,  are  elongated,  become  cylindrical  or  spindle-shaped,  and 
acquire  at  the  free  .surface  hairs,  which  project  into  the  endolymph. 
By   the  separatiou   of   the   vesicle   into    its    various   divisiuns  the 

32 
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auditory  epithelium  is  distiibuted  into  an  equal  number  of  separate 
patches,  to  which  then  the  auditory  nerve  is  distributed.  Ac- 
cordingly the  auditory  epithelium  is  resolved  into  a  macula  acustica 
in  the  sacculus  and  another  in  the  utriculus,  into  a  crista  acustica 
in  each  of  the  ampullae  of  the  semicircular  canals,  and  into  an 
especially  complicated  termination  in  the  ductus  cochlearis.  Here 
the  auditory  epithelium  grows  out  into  a  long  spiral  band,  which  is 
known  under  the  name  of  Corti's  organ. 

Upon  the  separation  of  the  auditory  epithelium  into  maculfe, 
cristffi,  and  organ  of  Corti,  the  originally  single  auditory  nerve 
distributed  to  the  auditory  vesicle  is  likewise  resolved  into  separate 
branches.  We  distinguish  in  the  case  of  the  auditory  nerve  the 
nervus  vestilndi,  which  is  in  turn  divided  into  numerous  branches 
distributed  to  the  maculae  and  cristas,  and  the  nenma  oochlecp. 

The  originally  single  ganglion  acusticum  belonging  to  the  auditory 
nerve  also  becpmes  differentiated  into  two  separate  portions.  The 
portion  belonging  to  the  nervus  vestibuli  is  in  the  adult  located  in 
the  internal  auditory  meatus  far  from  the  terminal  distribution, 
forming  here  the  well-known  intumescentia  gangliformis  Scarpte ; 
the  portion  belonging  to  the  nervus  cochlese,  on  the  contrary, 
adjoins  the  terminal  distribution  of  the  nerve.  In  the  embryo  it 
(figs.  277,  278  gc)  is  closely  united  with  the  fundament  of  the  ductus 
cochlearis,  and  as  the  latter  increases  in  size  grows  out  to  the 
same  extent  in  the  form  of  a  thin  l)iind,  which  reaches  to  the  blind 
end  of  the  ductus  and  is  known  under  the  name  of  ganglion  8pirale 
(fig.  283  gsp). 

(b)  Development   of  (Jie   Afer/ibranotts    Ear-Capaiile    into   the    Bony 

Lcibt/riiith  ami  the  Pertly mpJiatic  Spa^xs, 

All  of  the  changes  which  have  been  mentioned  hitherto  have 
proceeded  from  the  epithelial  vasicle  which  was  constricted  off  from 
the  outer  germ-layer.  It  is  now  my  purpose  to  direct  attention  to  a 
series  of  proce>«ses  which  take  place  around  the  epithelial  cavities,  in 
the  mesenchyme  in  which  tliey  an?  inilx?dded.  The  processes  lead 
to  the  formation  of  the  bony  labyrinth,  tin?  penlymphatic  spaces 
and  soft  connective-tissue  layers,  which  are  intimately  joined  to  the 
purely  epithelial  structun's  hitherto  treate^l  of,  and  with  the  latter 
are  embraced  in  descriptive  anatomy  luider  the  name  of  membranous 
labyrinth.  Changes  take  place  here  similar  to  those  in  the  develop- 
ment of  the  neural  tube  and  of  the  eye,  in  which  cases  also  the  connec- 
tive-tissue surroundings  are  modified  in  a  special  manner  and  with 
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reference  to  the  epitlielial  pnrbt.  In  the  prespnt  iiiBtanoe  there  are 
proiluceil  Rtructures  which  are  oorapurable  with  those  exwtiug  in  the 
funcer  caseK,  ae  has  alrmidy  been  pointed  out  by  Kollikbr,  Sciiwalbb, 
and  others. 

The  comparison  may  be  carried  into  details.  The  parts  arising 
from  the  primitive  ftuditory  vesicle  are  at  first  surronnded  by  a  soft, 
vBsciilar  connective- tiiaue  layer,  aa  the  neural  tube  and  the  epitheUal 
optic  Clip  are.  To  the  pia  matiT  of  the  brain  corresponds  the 
vnsctilar  membrane  of  the  eye  and  the  soft  ear<capsule,  or  the 
connective -tissue  wall  of  the  membranous  labyrinth.  AroQnd  all 
three  organs  a  firm  envelope  has  l>een  developed  for  the  purpose  of 
protection ;  around  the  biiiin  the  dura  mater  with  the  crania] 
captinte,  around  the  eye  the  ncleroticaj  and  around  the  organ  of 
hearing  the  bony  labyrinth  with  its  periontpum.  To  those  is  to  bo 
atlded  Htill  a  third  notewoi-thy  agreement.  In  all  three  coses  the 
soft  and  Srm  envelopes  are  deparati.-d  by  more  or  h'^s  considerable 
tii«ure-like  spaces,  which  belong  to  the  lymphatic  Nyatem.  Around 
the  neural  tube  the  subdural  and  the  subarachnoid  spaces  are  found, 
around  the  eye  the  perichoroid  fiasure,  around  the  organ  of  hearing 
the  perilymphatic  spaces,  which  have  received  in  the  cochlea  the 
special  names  of  scalte  (fig.  283  ST  and  SV). 

The  details  of  the  formation  of  the  enveloping  structures  around 
the  epithelial  auditory  vetdcle  are  as  follows : — 

Soon  after  the  auditory  sac  is  constricted  off  from  the  epidermis  it 
is  enveloped  on  all  sides  by  a  richly  cellular  mefiencliyme,  the  indivi- 
dual cells  of  which  lie  in  an  estremely  scanty,  soft,  and  homogeneous 
intercellular  substance,  and  pos.sei4i  each  a  large  nucleuB  with  a  thin 
protoplnamic  covering  having  short  proceasea,  Gradually  the  envelope 
is  differentiated  into  two  layera  {figs.  279,  2SI}.  In  the  vicinity  of 
the  epithelial  canals  the  soft  intercellular  substance  increaseH  in 
unouut;  the  celk  become  either  stellate  or  spindle-shaped,  in  the 
former  case  sending  out  long  processes  in  various  directions.  Thei'e 
is  formed  here  tluit  modification  of  connective  substance  known  as 
mueoug  or  gelalinoiia  tUstie  (figs.  281  and  283  g),  in  which  there  are 
also  blood-veaaeK  Outride  of  this  the  cells  remain  smaller  and  more 
cloHely  crowded  together,  and  are  separated  from  one  another  by  thin 
partitions  of  a  firm  int«rmediat(i  substance.  With  an  increase  of 
tho  latter  the  tissue  soon  )t«quires  the  character  of  embryoaiD 
cartilage  (kk). 

The  fiu^her  changes  must  Ije  followed  separately  in  the  semi- 
circuhir  ciinalw,  the  utriculus  luid  sacculus  and  the  ductus  cochlearis. 
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The  threo  Remicirculai-  canals  do  not  lie  exactly  in  the  middle  of  the 
cavities  of  the  embryonic  cartilage  containing  the  gelatinous  tissue, 
but  are  ho  situated  that  their  convex  borders  iire  in  almost  immediate 
contact  with  the  cartilage,  whereax  their  concave  Rides  are  separated 
from  it  by  a  tliick  layer  of  gelatinous  tissue.  The  Utt«r  in  di&ereo- 
tiated  into  three  layei's :  into  a  middle  portion,  in  which  the  gelatinous 
intercellular  nubstance  is  greatly  increased  in  volume,  and  becomes  at 
the  same  time  more  fluid,  and  into  two  limiting  lajrera,  which  are 
converted  into  fibrous  connective  tissue.  One  of  the  two  [the  inner] 
is  intimately  united  to  the  epithelial  tube,  for  the  nutrition  of  which 


n*.  in.-BMtlaB  tlu«nib  lh« 
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it  providw  by  moans  of  a  close  network  of  blnod-voaseU  ilistributeil 
through  it;  the  other  [the  outer]  lies  on  the  inner  surface  ot  the 
cartilaginous  envelope  and  becomes  ita  perichondrium. 

The  gelatinous  tissue  of  the  middle  layer  is  of  only  short  duration. 
It  soon  shows  signs  of  degeneration.  The  stellate  cells  become  filled 
with  fat  gianules  in  the  vicinity  of  tluir  nuclei  and  in  their  long 
processes ;  later  they  disintegrate.  In  the  gelatinous  matrix  there 
are  formed,  by  a  continually  advancing  process  of  softening,  cavities 
filled  with  fluid.  Tliese  increase  in  size  anri  then  become  confluent, 
until  finally  there  has  arisen  between  the  connective -tissue  membrane 
of  the  semicircular  canals  and  the  perichondrium,  in  place  of  the 
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gUaiimma  litsu^,  a  large  apace  JlUed  wit/i  perili/mp/i,  whick  it  irtdiaUed 
in  the  diKU/ravi,  jig.  282,  in  black.  Here  and  thei'e,  however, 
coDnective-ti«iiie  cords  remain  nianing  from  one  hiyev  of  cannective 
tixsue  to  the  other,  and  serving  as  bridges  for  the  nei'ves  and  blood- 
vessels which  ari>  distributed  to  the  Hemicircular  cnaAlK. 

Finally,  a  last  ulterution  takeH  place  in  the  cartilaginous  envelope 
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by  its  becoming;  ('onverted  into  bone-wuhfittviice'  by  endochondral 
OKgification.  Thus  Lho  membranous  semicircular  canals  are  encloiied 
in  the  bony  semicirciiliir  canals  (fiR.  282  o  anil  f>  KL),  which  are 
enlai'gt'd  rfprothictions  of  the  foruiei-, 

Corresponding  uhnugeij  (fig.  2S2)  aru  iiLso  accompliahed  iii  the 
periphery  of  the  utrietiliis  and  Kaci.'iilii»  (.V),  nnd  lead  to  the  formatinu 
of  (1)  a  perilymphatic  space  {Vp),  which  in  iu  communication  with 
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the  perilyDiphatic  spaces  of  the  semicircular  canals,  and  (2)  a  bony 
envelope  {KL')  of  the  atrium  or  vestibulum,  which  constitutes  the 
middle  region  of  the  bony  labyrinth. 

Tlie  envelope  of  the  epithelial  cochlear  duct,  which  becomes  the 
bony  cochlea  with  its  scalse,  undergoes  a  more  complicated  alteration. 
It  is  already  differentiated,  at  the  time  when  the  duct  (fig.  279  dc) 
makes  only  half  of  a  spiral  turn,  into  an  inner,  soft  and  an  outer, 
firm  layer,  the  latter  becoming  cartilage  (kk).  The  cartilaginous 
capsule  (^^,  281  M),  which  is  continuous  with  the  cartilaginous 
mass  of  the  remaining  parts  of  the  labyrinth  and  together  with  them 
constitutes  a  {)art  of  the  os  petrosum,  afterwards  encloses  a  lenticular 
cavity  and  possesses  below  a  broad  opening,  through  which  the  coch- 
lear nerve  {^vc)  enters.  The  resemblance  to  a  snail-shell  is  not  yet 
observable ;  it  takes  place  gradually  and  is  produced  by  two  changes  : 
by  the  outgrowth  of  the  epithelial  duct  and  by  the  differentiation  of 
the  soft  tissue  surrounding  it  into  parts  which  are  fluid  and  such  as 
become  more  firm. 

In  its  outgrowth  the  epithelial  ductus  cochlearis  describes  within 
its  capsule  the  previously  mentioned  spiral  turns  (dc\  shown  in  cross 
section  in  fi^,  283 ;  at  the  same  time  it  remains  quite  closely  approxi- 
mated to  the  inner  surface  of  the  capsule  ijck).  The  cochlear  nerve 
(nc)  ascends  from  its  place  of  entrance  straight  up  through  the 
centre  of  the  turns,  consequently  in  the  axis  of  the  capsule,  and 
gives  off  numerous  lateral  branches  to  the  concave  side  of  the 
cochlear  duct  (dc),  where  they  are  enlarged  into  the  ganglion 
{gsp),  whicrh  has  now  also  grown  out  into  a  spiral  band.  The 
nutritive  blood-vessels  have  taken  the  same  coui-se  as  the  nerves. 

When  the  development  has  advanced  as  far  as  this,  there  still 
i*emains  to  be  accomplished  only  an  histological  differentiation  in 
the  soft  mesenchyme  which  fills  the  cartilaginous  capsule  in  order  to 
produce  the  pails  of  the  finished  cochlea  that  are  still  wanting — the 
modiolus,  the  lamina  spiralis  ossea,  the  bony  cochlea,  and  the  vesti- 
bular and  tympanic  scalaj  (fig.  283).  Here,  as  in  the  vicinity  of  the 
semicircular  canals  the  utiiculus  and  the  sacculus,  the  mesenchyme 
is  differentiated  into  a  firmer  connective  substance,  which  beoomas 
fibrous,  and  into  a  gelatinous  tissue  ((/),  which  is  continually  becoming 
softer.  Fibrous  connective  substance  is  developed  first  around  the 
trunks  of  the  nerves  (rw)  and  blood-vessels  that  enter  the  cartilaginous 
capsule ;  furnishing  the  foundation  of  the  future  bony  axis  of  the 
snail-shell  (J/),  secondly  it  furnishes  an  envelope  for  nerve-fibres  (N) 
that  run  from  the  axis  to  the  epithelial  cochlear  duct,  for  the  gangli- 
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nnic  cwIIk  {yap),  iwid  for  the  IdooJ-vcsseUi,  and  couBtituteB  it  cotinective- 
tiBttue  plfttfl  which  ix  ijubaequently  ossified  to  form  the  lamina  spiralis 
OBnea.  Thirdly,  it  clothett  with  a  thin  layer  thy  epithelial  ductus, 
serving  for  the  diBtrihiition  of  the  blood-vesseht  on  the  latter,  and 
together  with  it  is  demgnabed  an  the  mi^mhranous  ductus  cochlearis. 
Fourthly,  it  lines  the  inner  surface  of  the  cnrtilaginous  capsule  as 
perichondrium  {P).  Finally,  fifthly,  there  is  formed  a  connective 
tissue  plate  {¥)  extending  between  the  cartilaginous  ridge  which, 
fiA  previously  described,  projects  inward  from  the  capsule  and  the 
connective-tissue  axisof  the  cochlea  (Jf).  It  is  stretched  out  between 
and  sepanites  the  successive  tnrna  of  the  membranoua  cochlear  duct, 
HO  that  the  latter  now  comes  to  lie  in  u  large  canal,  the  wall  of  which 
is  in  part  cartilaginous,  in  part  membranous.  This  canal  is  the 
foundation  of  the  bony  cochlea. 

That  portion  of  the  mesenchyme  which  is  not  converted  into 
fibrous  connective  tiasue  Incomes  gelatinous  tissue  (j/  and  ij').  It 
forms  between  the  parts  just  mentioned  two  spiral  tracts,  one  of 
which  is  located  above  and  the  other  below  the  membranoua  ductus 
cochlearis  and  the  membranous  lamina  spiralis.  The  tracts  there- 
fore occupy  the  pliM«  of  the  scnla  vestibuli  (SV)  and  the  scaln 
tympani  {HT).  The  latter  ai-ise,  even  before  the  process  of  ossifica- 
tion begins,  in  exactly  the  same  way  as  the  perilymphatic  spaces 
in  the  case  of  the  semicircular  canals  and  the  vestibule.  In  the 
gelatinous  tissue  the  matrix  becomes  softer  and  more  Quid,  ,and 
the  cells  begin  to  undergo  fntty  de^neratiou.  t^mall  tluid-filled 
cavities  make  their  appea'-'ince  ;  these  become  joined  to  one  another, 
and  finally  the  whole  space  occupieil  by  gelatinous  tissue  is  filled 
with  |*erilymj)h.  The  process  of  softening  begins  at  the  base  of  the 
cochlea  in  the  region  of  the  first  spiral  (57'  and  AT),  and  advances 
slowly  toward  the  cupola.  Here  vestibular  and  tympanic  sea  he  finally 
unite,  after  the  tn-st  remnant  of  the  gelatinous  tissue  has  been  dis- 
solved. Figure  2S3  exliibit^  a  stage  in  which,  at  the  base  of  the 
cochlea,  the  perilymphatic  spaces  {SV  and  A'T^  have  been  formed, 
and  only  small  remnants  of  the  gelatinous  tissue  {if')  ara  pi-esent, 
whereas  at  the  apex  of  the  cochlea  the  process  of  liquefaction  of 
the  gelatinous  tissue  {g)  has  not  yet  taken  place. 

With  the  development  of  the  scal»  the  membranous  ductus 
cocblearis  changes  foi-m.  Whei-ens  its  cross  section  wa«  formerly 
ovbI,  it  now  a;^HllmtM  the  foi-m  of  a  triangle  (<jc).  For  those  portions 
of  the  wall  which  aiv  adjacent  to  the  vestibular  and  tympanic  scaln, 
ftnd  which  have  been  named  from  them,  gradually  become  flatteiKd^ 
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aod  are  Hti^U'bed  out  smoothly  liotweeu  the  free  margin  of  the  lamina 
npimliH  and  the  inner  wall  of  the  cartilaginoiie  i^apeule.  In  ttiLs  procees 
the  tympanic  wall  (C)  comeB  to  lie  in  the  same  plane  as  the  lamina 
epiraliii,  the  vestibular  wall  (h)  forma  with  the  tympanic  an  arut« 
angle,  and  the  third  waU  (x)  is  everywhere  in  close  contiu;t  with  the 
perichondrium  of  the  cai'tUaginouB  capsule. 

The  epithelial  lining  of  the  membrauouH  ductus  cochlearis  a^sumee 
very  different  conditions  in  the  three  corresponding  regtonii  of  itu 
wall.  Whereas  the  epithelial  ^^ells  of  the  vestibular  and  the  outer 
walls  become  in  port  cubii^al,  in  part  quite  Hat,  those  of  the  tympanic 
wall  become  elongated,  and  are  in  connection  with  the  terminal  fila- 
ments of  the  cochlear  nerve  ;  they  produce  the  complicated  organ  of 
COETI  {€),  which,  like  the  auditory  ridges  and  auditory  patches  of 
the  ampuUie,  the  sncculus  and  utriculus,  containii  the  terminal  ends 
of  the  auditory  nerve. 

The  construction  of  the  intricat«  cochlea  appi'oaches  completion 
with  the  beginning  of  the  process  of  ossificiition.  The  latter  is  accom- 
plished by  two  methods.  First,  tbf  cartilaginous  capsid©  ossifiee  in 
the  endochondral  manner,  as  does  the  whole  cartilaginous  os  petroeum, 
of  which  it  constitutes  a  limall  part.  The  osseous  tissue  thuu  formed 
is  for  a  long  time  spongy  and  provided  with  large  medullary  spaces. 
Secondly,  tbf  previously  mentioned  fibrous  connective- tissue  layers — 
the  partitions  between  the  cochlear  canaU,  the  connective-tissue 
■jcis  or  the  modiolus  and  the  liiminiL  spii-alis — undergo  direct  ossifi- 

I  cation.     At  the  same  time  compact  bone-lamollro  are  laid  down  from 

I  vithin  on  the  hpougy  hone-tissue  formed  from  thecartilaginous  capsule; 

I  these  lamellce  are  formed,  a.i  Bobitcheb  has  shown,  by  the  original 
perichondrium,  which  become.^  the  periosteum.  Oonsequently  the 
bony  cochlear  capsule,  since  it  is  produced  by  perimteal  secretion, 
may  be  enjuly  detatbed  fi-om  the  loose  osseous  tissue  of  endochondral 

r  origin  during  early  post-natal  years. 


(c)  Devdojiment  of  the  Aceesaori/  Ajiiiamtas  of  the  Onjan  of  Hearing. 
{Middle  attd  External  Eur.) 

With  the  membranous  and  bony  labyrinth,  which  are  together 
called  the  inner  ear,  there  is  a.-<sociated  a  sul«idiary  apparatus,  in  the 
same  way  that  the  eye-miisclea,  the  lids,  and  the  lachrymal  glands 
and  ducts  are  added  to  the  eyeball.  It  is  made  up  of  (.-tnictures 
which  are  wanting  in  the  lower  Vertebrates  (Fishes),  but,  beginning 
to  be  developed  in  the  Amphibia,  Iwcome  more  and  more  complete  in 
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the  higher  forms.  Their  function  is  to  transmit  vibrations  to  the 
labyrinth,  and  consequently  they  are  together  called  the  conducting 
apparatus.  Fix)m  their  position  they  are  also  known  as  middle  and 
outer  ear.  The  former  consists  in  Mammals,  where  it  attains  its 
highest  development  (diagram,  fig.  284),  of  the  tympanic  cavity  ((7<), 
the  Eustachian  tube  (Th),  and  the  three  auditory  ossicles  (SAp)  ;  the 
latter,  of  the  tympanic  membrane  (Mt)j  the  external  meatus  {Mae)i 
and  the  external  ear  or  auricle  (M),  The  statement  just  made,  that 
these  parts  are  wanting  in  Fishes,  is  to  be  taken  cum  grano  salis  :  it 
is  as  a  sound-conducting  apparatus  only  that  they  are  wanting,  for 
they  are  present  even  in  the  case  of  Fishes,  but  only  as  structures 
of  a  different  function  and  in  a  more  simple  condition.  For  the 
various  accessory  apparatus  of  the  organ  of  hearing  are  developed 
out  of  i/ie  first  visceral  deft  aivd  certain  parts  which  are  located  in 
its  periphery. 

Here  also  it  will  be  well  to  acquaint  ourselves  with  the  original — 
the  initial  condition,  for  which  the  Selachians  may  serve  as  an 
example. 

In  them  the  greater  part  of  the  first  visceral  cleft,  which  is 
situated  between  the  mandibular  and  hyoid  arches  and  between  the 
nervus  trigeminus  and  n.  acustico-facialis,  disappears ;  at  the  side 
of  the  throat  it  becomes  closed,  remaining  open  only  at  the  origin,  or 
base,  of  the  two  visceral  arches.  It  then  has  the  form  of  a  short 
canal,  which  possesses  a  small  round  opening  at  its  inner  and 
another  at  its  outer  end,  and  which  passes  in  very  close  proximity  to 
the  labyrinth-region  of  the  skull,  in  which  the  organ  of  hearing  is 
located.  The  canal,  here  called  the  spiracle,  has  no  longer  an3rthing 
to  do  with  respiration,  since  the  branchial  leaflets  on  its  wall  have 
undergone  degeneration.  Owing  to  its  position  in  the  immediate 
vicinity  of  the  labyrinth,  it  pi^esents,  even  in  the  Selachians,  the  best 
course  for  tlie  propagation  of  the  sound-waves  to  the  inner  ear,  and 
this  Ls  the  chief  ground  for  its  entering  wholly  into  the  service  of 
the  organ  of  hearing  in  the  remaining  Vertebrates,  and  for  its  being 
developeil  in  a  more  serviceable  manner  for  tliis  particular  function. 

The  structures  in  the  higher  Vertebrates  con^esponding  to  the 
spiracle  of  the  Selachians  are  (fig.  284)  the  tympanic  cavity  (Ct), 
the  Eustachian  tube  (Tb)^  and  the  external  meatus  {Mae),  They 
likewise  are  developed  out  of  the  upper  pai*t  of  the  first  visceral 
cleft.  Although  it  has  recently  been  asserted  by  certain  investi- 
gators (Urbantschitsch)  that  they  have  nothing  to  do  with  the 
first  visceral  cleft,  but  are  established  independently  by  the  evagina- 
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I  tion  of  the  pharynx,  thin  view  is  opposed  not  only  to  compamtive- 
anatomical   conaiderationH,   Imt  also   to   stateDiPiits   of     Kolliker, 
I  MoLDBNiiAUBR,  and  HoPi'UAHN,  which  relato  to  the  development  in 
1  Reptiles,  Birds,  and  Mammals. 

In  the  L'losEeu  of  VertobruteN  jii:«t  meiiLioni>(l    tlie  tit'st  vlsceiiLJ 
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I  cleft  is  closed  iu  it«  upper  part  also,  contrary  to  the  condition  in 
[  Belachians.* 

The  closuj'e  becomes  more  tinn  and  complete  owing  to  the  in- 
I  growth  of  a  connective-tissue  layer  between  the  inner  and  outer 
P'^thalial  plates.     Kemnants  of  the  lirMt  viiiceral  uleft  a 
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on  both  sides  of  the  closing  membrane  as  depressions  of  greater  or  less 
depth  ;  an  inner  one  on  the  side  toward  the  pharyngeal  cavity,  and 
an  outer  one  which  is  surrounded  by  ridges  of  the  first  and  second 
visceral  arches. 

The  inner  depression^  which  is  called  canalLs  or  sulcus  tubo-tym- 
panicus  (pharyngo-tjrmpanicus),  is  located,  like  the  spiracle,  between 
trigeminus  and  acustico-facialis.  It  becomes  the  middle  ear,  and  is 
enlarged  by  an  evagination  that  is  directed  upward,  outward,  and 
backward.  The  evagination  inserts  itself  between  the  labyrinth  and 
the  place  of  closure  of  the  first  visceral  cleft,  and  takes  the  form  of 
a  laterally  compressed  space,  which  is  now  to  be  distinguished  as 
tympanic  cavity  from  the  tubular  remnant  of  the  sulcus  tympanicus, 
or  Eustachian  tube.  Its  lumen  is  very  small,  especially  in  the  case 
of  advanced  embryos  of  Man  and  Mammals,  its  lateral  and  median 
walls  being  almost  in  immediate  contact.  This  results  chiefly  from 
the  fact  that  there  is  present  beneath  the  epithelial  lining  of  the 
middle  ear  a  richly  developed  gelatinous  tissue.  The  latter  still 
encloses  at  this  time  structures, — the  auditory  ossicles  and  the 
chorda  tympani, — wliich  later  come  to  lie,  as  it  were,  free  in  the 
tympanic  cavity. 

The  tympanic  membrane  also  is  now  in  a  condition  very  unlike 
that  which  it  afterwards  acquires.  The  history  of  its  formation  is 
by  no  means  so  simple  as  was  formerly  supposed.  For  it  is  not 
derived  exclusively  from  the  narrow  closing  membrane  of  the  first 
viscei*al  cleft ;  the  neighboring  parts  of  the  first  and  second  mem- 
branous visceral  arches  also  participate  in  its  production.  The 
embryonic  tympanic  membrane  is  therefore  at  first  a  thick  con- 
nective-tissue plate,  and  encloses  at  its  margins  the  auditory  ossicles, 
the  tensor  tympani,  and  the  chorda  tympani.  The  reduction  in  the 
thicknass  of  the  tympanic  membrane  takes  place  at  a  late  period, 
simultaneously  with  an  increasing  enlargement  of  the  tympanic 
cavity.  Both  are  brought  about  by  shrinkage  of  the  gelatinous 
tissue,  and  by  an  accompanying  growth  of  the  mucous  membrane 
lining  the  tympanic  cjivity.  Wherever  the  gelatinous  tissue  disappears 
the  mucous  membrane  takes  its  place,  inserting  itself  between  the 
individual  ossicles  and  the  chorda  tympani,  which  thus  come  to 
lie  apparently  free  in  the  tympanic  cavity.  In  reality,  however, 
they  lie  outside  of  it,  for  they  continue  to  be  clothed  on  all  sides  by 
the  growing  mucous  membrane,  and  are  connected  with  the  wall  of 
the  tympanic  cavity  by  means  of  folds  of  that  membrane  (malleus- 
fold,  incus-fold,  etc.),  in  much  the  same  manner  as  the  abdominal 
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organs  which  grow  into  the  body-cavity  are  invested  by  the  peri- 
toneum iknii  supported  from  its  wiH\n  by  the  mesenteries. 

With  a  rfdnction  in  the  thickness  of  the  tympanic  inembrane 
there  occurs  a  condensation  of  it«  connective-tiKsiia  »;iibstauce, 
whereby  it  is  enabled  to  fulfil  its  ultimate  function  as  a  vibrating 
memhrune. 

A  more  extended  discuHsion  of  the  development  of  the  auditory 
osueles  will  be  defeirod  to  a  subsequent  section,  which  deals  with  the 
origin  of  the  skeleton.  At  present,  only  a  few  words  further — con- 
cerning the /ormation  of  Ute  external  ear,  which,  aa  has  already  been 
stated,  is  derived  from  a  depression  on  the  outer  side  of  the  place 
of  closure  of  the  firet  visceral  cleft.  Its 
development  ha*  been  minutely  inves- 
tigated in  the  Chick  by  Moldenhaueb 
and  in  the  human  embryo  by  Uia.  As 
the  lateral  view  of  a  very  young  human 
embryo  (fig.  274)  shows,  the  first  visciriil 
cleft  in  Miirroundcd  by  ritlge-like  margins, 
which  belong  to  the  first  and  second 
visoeral  aifhes,  and  ai-e  early  divided  into 
six  elevations  designated  by  Arabic  nu- 
merals.   From  these  is  derived  the  auricle, 

which  therefore  involves  a  rather  exten-  „  _  „ 

sive  tract  of  the  embryonic  head  {the  miu  eu  of  &  bumu  cmbrjs. 
pars  auriculnriH).  The  pocket  between  Tin  ciamtion  oinrkeii  i  prmiiu™ 
the  ridges,  at  the  bottom  of  which  the  U"  t™r«;  «■  «»  untiingia. 
tympanic  membrane  is  met  with,  becomes  y,„  ,,„n,.  ,^  ,1,,  „n(,oiii. 
the  ext^ual  meatus.  This  is  continually  Ftun.  tbo  iimki  in  t-naad  Uh 
growing  deeper  owing  to  the  sun-ounding 

wall  of  the  side  of  the  face  becoming  greatly  thickened ;  finally  it 
is  developed  into  a  long  canal,  the  wall  of  which  is  in  part  bony, 
in  part  cartilaginous.  The  six  elevations  mentioned,  which  sur- 
round the  oritice  of  the  extoi-nal  meatus,  together  constitute  a 
bulky  ring.  The  accompanying  representation  {fig.  285)  shows 
clearly  its  metamorphosis  into  the  extornal  ear.  It  shows  that 
'  out  of  the  elevationn  1  and  5  the  tragus  and  antitragiis  are 
developed,  out  of  2  and  3  the  helix,  and  out  of  4  the  antihelix. 
The  lobule  of  the  ear  remains  for  a  long  time  small ;  it  is  not 
until  the  fifth  month  that  it  bocomi's  more  distinct.  It  is  derived 
from  the  hillock  marked  with  the  numeral  fi.  At  the  close  of  the 
second  month  all  the  (wsentinl  pnrts  of  the  extornal  eaj'  are  easily 


510  EHBRTOLOOT. 

recognisable ;  from  the  third  month  onward  the  upper  and  posterior 
part  of  the  auricle  gix>ws  out  more  from  the  surface  of  the  head  ; 
and  it  acquires  greater  firmness  upon  the  differentiation  of  the 
auricular  cartilage,  which  had  already  begun  at  the  end  of  the 
second  month. 

SUMMART. 

1.  The  most  essential  part  of  the  organ  of  hearing,  the  mem- 
branous labyrinth,  is  developed  at  the  side  of  the  after-brain  above 
the  first  visceral  cleft  from  a  pit-like  depression  of  the  outer  germ- 
layer. 

2.  By  closure  the  auditory  pit  becomes  the  auditory  vesicle ;  it 
sinks  down  and  becomes  imbedded  in  embryonic  connective  tissue, 
from  which  the  cranial  capsule  is  subsequently  developed. 

3.  The  auditory  vesicle  acquires  the  complicated  form  of  the 
membranous  labyrinth  by  various  evaginations  of  its  wall,  and 
becomes  differentiated  into  the  utriculus,  with  the  three  semicircular 
canals,  into  the  sacculus  with  the  canalis  reuniens  and  the  cochlea, 
as  well  as  into  the  recessus  vestibuli,  by  means  of  which  saoculus 
and  utnculus  remain  permanently  connected  with  each  other. 

4.  The  auditory  nerve  and  the  auditory  epithelium,  which  are 
at  first  single,  are  likewLne  divided — as  soon  as  the  vesicle  is 
differentiated  into  a  number  of  regions — into  several  nerve-branches 
(nervus  vestibuli,  n.  cochlete)  and  nerve-terminations  (the  cristtt 
acusticae  of  the  three  ampullae,  a  macula  acustica  for  the  utriculus 
and  another  for  the  sacculus,  and  the  organ  of  Corti). 

5.  The  embryonic  connective  tissue,  in  which  are  enclosed  the 
auditory  vesicle  and  the  products  of  its  metamorphosis,  is  differen- 
tiated into  three  paHs : — 

(a)  Into  a  thin  connective-tissue  layer,  which  is  closely  applied 

to  the  epithelial  wall  and  together  with  it  constitutes 
the  membranous  labyrinth ; 

(b)  Into  a  gelatinous   tissue,  which   becomes  liquefied  during 

embryonic  life  and  fiunishes  the  perilymphatic  spaces 
(in  the  cochlea  the  scala  vestibuli  and  the  scala  tym- 
pani)  ; 

(c)  Into  a  cartilaginous  capsule,  from  which  there  arises  by  a 

process  of  ossification  the  bony  labyrinth. 

6.  The  middle  and  outer  ear  are  derived  from  the  upper  part 
of  the  first  visceral  cleft  (the  spiracle  of  Selachians)  and  its 
peripher)'. 
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7.  The  tympanic  membnine,  whicli  nt  first  ta  nith(-r  tlitck  and 
only  gi'ailuiilly  be«otnis  reduced  to  a  tliin,  tense  menibmae,  i>>  de- 
veloped uut  of  the  closing  plate  of  the  lirut  visceral  cleft  nnd  the 
adjacent  parts  of  the  vijioeral  ai-ches. 

8.  The  tympanic  cavity  and  the  Eustachian  tube  are  developed 
out  of  a  deprewion  on  the  raedinn  side  of  the  tympanic  membrane, — 
tlie  sulcus  tubo-tympaniciis, — and  out  of  an  evagination  from  it 
extending  upward,  outward,  and  backward. 

9.  The  tympanic  cavity  id  at  first  cxtramely  small,  the  connective 
tissue  of  the  mucuuR  membrane  that  surrouudK  it  being  gelatinous 
[and  volumiiioiia]. 

10.  The  auditory  asMicliM  and  tha  chorda  tympani  lie  at  first 
oulfude  the  tympauic  cikvity  in  the  gelatinous  tissue  of  its  wall ;  it  is 
only  after  shrivelling  of  the  gi;latinous  tissue  that  they  come  to  lie 
in  folds  of  tlie  mucouK  membrane,  which  project  into  the  now  moi-e 
oapnciouH  tympanic  cavity  (incuH-fold,  mulleus-fold). 

11.  Tfae  external  metitus  is  developed  from  the  periphery  of  the 
depression  that  lies  on  the  lateral  side  of  the  tympiituc  membrane  ; 
the  aiu-iclu  arises  fi-om  six  elevations,  which  are  conviTted  into 
tragus,  antiti-agus,  helix,  antihelix,  and  the  lobule  iif  the  ear. 


C.  The  Devdopmenl  of  the  Organ  of  Sniell. 

The  organ  of  smell  is,  like  the  eye  and  ear,  a  product  of  the  outer 
germ-layer,  from  which  it  is  developed  Homowhat  later  than  the  two 
higher  sensory  organ:^.  It  fii-st  becouiee  noticeable,  at  either  fide 
of  tlie  broad  frontal  process  {fig.  274)  previously  described,  as  a 
thickening  of  the  outer  gorm-layor  which  Hia  has  designated  in 
human  cnibryos  aa  miaal  area.  Both  fundaments  soon  become  mort' 
distinct  owing  to  the  fact  that  each  nasal  ari^a  becomes  depressed 
into  a  kind  of  trough,  the  edges  of  which  nM  up  as  folds  (fig,  286). 
An  oifacUiry  lobe,  which  hiis  been  formed  meantime  by  an  evagina- 
tion of  the  c^^robnU  vesicle,  grows  out  on  either  side  to  the  thick- 
ened epithelium  of  this  area,  wheit'  its  nerve-fibrillEB  terminate. 

The  two  rifactory  pita,  which  are  formed  in  a  similar  manner  in 
all  Vertebrates  with  the  exception  of  the  Oyclostomes,  in  which  only 
an  nnpaireil  pit  arises,  are  separated  from  each  othei"  by  a  considei^ 
able  distance.  They  therefore  appear  at  first  as  distinctly  paired 
structures,  whereas  in  their  uUiuiate  condition  in  the  higher 
Vertebrates  they  have  appraached  each  other  towai-d  the  median 
plane  and  become  an  apiiareiitly  unpaii'od  organ,  the  nose. 


orgtvn  of  amell  ftcquirea 
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one  tiiki's  iu[o  nticoiiut 
Liu'     [■iimpanitirr 
liimical  ciiniJitioiwt.      It  1 
is  tlii.>n  fuun<l  th»t  tlis  I 
vnnoiis  iitoges  through  I 
ivhirl)  the  organ  of  smell  I 
piisM^  ij  It  ring  embryonic  I 
life,    in    Mammals    for  I 
example,      havf      been  I 
prcserrol  as  permanent  J 
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clansee  of  Yei-Ubrfttea.  I 
Tbti8  in  the  case  of  I 
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the  organ  of  Ktnell  ial 
prewrvwl.  lui  it  were,  ia  I 
its  initial  stuge  in  tlw-J 
form  of  a  pair  of  pilAl 
Upon  closer  liistologtCKlJ 
investigation,  however,  f 
thifl  condition  ncquuTfll 
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which   are    distri- 
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gans  (fig.  287  rk),  which,  although  closely  crowded  in  an  indifferent i 

ciliiite  epithelium  (/e),  are  noverthelesfl  wparatt-d  from  each  other. 
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The  organs  (rk)  con-siiit  of  numerous  fine,  rcvl-libe  t'elln,  which  at 
their  free  ends  bear  fine  brLstles  and  are  united  into  buadJea  that 
lire  di«tinctly  delimited  from  the  onlinary  wills  t.f  the  epidemuB, 
Tliey  closely  reaerahle  the  sensory  norve-termindtioiiH  wiiieh  are  abiin- 
ilikntly  and  widely  di.itribut«d  in  the  opidermifi  of  FiNhen  and  other 
lower  Vertebrates — the  beaker-like  oryans  or  the  n^rvout  end-butU. 
Blaub  htis  tlierefore  named  them  olfnctory  biutg.  Ho  proceeds  from 
the  conception  that,  like  the  similarly  coimtriict«d  gustatory  buds 
of  the  oral  cavity,  they  arc  dencended  from  the  sensory  organs 
distributed  over  the  whole  integument.  The  organ  of  smell  is 
aimply  a  depreBsed  patch  of  the  skin  richly  provided  with  terminal 
nerve-buds,  which,  undergoing  a  change  of  function,  has  como  to  sub- 
serve a  specific  sense.  The  continuous 
olfactory  epithelium  of  the  higher  Ver- 
tebrates has  arisen  From  the  originally 
scattered,  isolated  olfactory  buds  (fig. 
287  ri)  by  a  process  of  fusion,  the  in- 
different epithelium  (fe)  having  gradu- 
ally disappeared.  In  certain  species  of 
Fishes  and  Amphibia  such  a  transition 
can  bo  demoustratad. 

The  further  development  of  the  organ 
of  smell  in  especially  charaderiiwd  by 
the  olfactory  pits  coming  into  relation 
with  the  oral  cavity.  Each  of  them 
(fig.  286)  develops  a  furrow  which 
runs  downwni'd  to  the  upper  margin 
of  the  mouth  and  receives  on  it«  outer 

aide  the  previously  described  lachrymal  groove,  coming  in  an  oblique 
direction  from  the  eye.  ^asal  pit  and  -Hagal  furrow  become  deeper 
in  older  embryos  (fig.  288),  owing  to  their  margins  protruding  out- 
ward as  ridges  and  forming  the  so-called  inw^  and  outer  naaal  pra- 
oates.  The  two  inner  nasal  proceftftes  are  separated  fi-om  each  other 
by  a  shallow  furrow  runnijig  from  above  downward  ;  they  together 
produce  a  thick  partition  between  the  two  olfactory  pits  that  in  the 
higher  Vertebrateei  subsequently  becomes  more  and  more  reduced  in 
thickness.  They  also  furnish  the  middle  of  the  roof  of  the  mouth. 
The  outer  nasal  processes  (also  called  the  lateral  frontal  processes  by 
Hia)  form  on  either  side  a  ridge  protruding  between  the  eye  and  the 
organ  of  smell,  and  furnish  the  mat«rial  for  the  formation  of  the 
lateral  walls  of  the  nose  and  tho  alfe.      Their  lower  margins  latyiA, 


Fig.  K§.— FnndUBHt  of  th>  MM  ud 
Ui«  rosf  gf  tha  primitlTii  msnth- 
cnlty  of  ■  hamu  emhrjo  (C.  1 1. 
iif  lliH),  •son  ttta  balow  ■ftO' 
mnonl  of  the  lowor  Jow.  From 
Dia.  *' HfliurhliQhQ  Rmljrjnuon," 
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the  front  end  of  the  transversely  located  miudllary  ] 

which  tliey  arc  delimited  eirternally  by  the  lachrymal  grooves. 

On  the  mwliivn  wall  of  the  nasal  pit  there  exiflts  a  uparaal  small 
depresHion,  which  was  first  foiinJ  by  Dursy  in  mammalian  embryos, 
and  which  is  also  ohBervable  in  human  embryos  at  a  very  early  stage 
(llis).  It  i«  the  fnndament  of  Jacobsoh's  organ,  which  afterwards 
makeH  its  way  into  tlie  septum  of  the  nose.  It  receiven  from  the 
olfactory  nerve  a.  special  branch,  which  ia  indeed  of  remarkable  tdie 
in  embryos. 

The  alage  with  the  nasal  groOTe  exists  as  the  permanent  condition  In  many 
Hclachians.  In  these  cases  Ihe  deep  nasal  pits,  which  are  enclosed  lin  a  car- 
tilaginooa  capsule,  nnd  the  mucoDs  membrane  ot  which  ia  r^sed  up  into 

IB  parallel  folds, 


lie  on  the  nndei  auifaoe 
of  the  elongated  anont  or 
rostrum.  Deep  grooves, 
which  are  bounded  b; 
folds  of  the  skin  contain- 
ing mnacles,  and  which 
can  be  cloeed  as  if  by 
valves,  lead  to  the  front 
margin  ot  the  month  at 
some  distance  from  its 


The     next     stage, 
which  in  human  om- 


nf.  tn.— BMf«fifa*«*leaTitT«t  >)iBmunabr7«irith  thi  bryoB  IB  reached  in 
^n^Zri^ra'^**'^'*"™™"'*"""'"'  '"*°"'"'  the  second  half  of 
the  second  month, 
exhibits  tlic  organ  of  smell  converted  into  two  canals,  which  have 
l)een  produced  by  the  fusion  of  the  margins  of  the  two  grooves, 
especially  that  ot  the  inner  nasal  procesK  with  the  maxillary  prooera, 
which  advances  toward  the  median  plane.  The  canals  now  possees 
two  openings,  the  external  and  the  interjuU  nasal  orifice  {fig.  289)  or 
the  jiares.  The  two  external  naros  lie  only  a  little  above  the  border 
of  the  moiith-oponing ;  the  internal,  in  the  roof  of  the  primitive  oral 
cavity,  on  account  of  which  they  have  been  named  by  DuBfiT  the 
primitive  palatal  clefts.  They  are  located  far  forward,  only  a  little 
removed  fixtm  the  edge  of  the  mouth,  a  position  which  they  retain 
l>ermancntly  in  the  case  of  the  Dipnoi  and  Amphibia.  At  first 
round,  they  aftenvards  become  elongat«d  and  assume  the  form  of 
a  fissure  running  from  in  front  backward. 

With  the  metamorphosis  of  the  organ  of  Hmcll  into  a  canal  leading 
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into  the  oral  curity, — which  has  been  efl'eeteil  in  nil  Veftobmtes  that 
breftthe  by  roenns  of  hinga, — a  leeond  fumUion  has  been  asKiimed.  It 
in  now  n'lt  exniiisively  ii  senwiry  orgitn  for  tho  perception  of  odors, 
but  sei'veK  at  tho  Ramn  time  to  conducb  currents  of  niv  bot)i  to  and 
from  the  oral  and  phalangeal  cavities  and  the  lungs.  It  ha8  becoiue 
a  kind  of  respiratory  atrium  far  the  ajrparatug  of  regpiration.  The 
osAiimption  of  this  M'ceBttory  function  givea  n  npecial  stamp  to  the 
Eater  etage«i  of  the  ilevelopment  of  the  organ,  and  is  to  be  taken  into 
account  in  a  proper  e«timat«  of  it.  For  the  coiu'se  of  the  further 
development  is  most  of  all  determined  by  the  tendency  to  an  exten- 
fiive  enlargement  of  the  surface  of  tho  olfactory  chamber.  The 
iTicreate  of  surface,  however,  does  not  affect  the  real  olfactory 
mucous  membrane  or  fienaoiy  epithelium,  to  which  the  olfactory 
nerve  is  distributed,  but  rather  the  ordinary  ciliate  mucous  membrane. 
It  is  therefore  less  connected  with  an  improvement  of  the  sense  of 
smell  than  with  an  accessory  function  in  the  process  of  respiration. 
By  an  increase  of  the  mirface  of  the  soft,  vajutilar  mucous  membrane 
the  air  that  is  swept  over  it  becomes  warmed  luid  freed  from  particIeB 
of  dust,  which  are  c-aught  by  the  moiiit  surface.  From  this  time 
forward  therefore  one  must  distinguish  a  rfijio  olfactoria  and  a  regio 
reapiralorui,  Tbe  former,  which  ia  derived  from  the  sensory 
epithelium  of  the  original  olfactory  pit,  remains  relatively  small, 
I'Cceives  the  terminations  of  the  olfactory  nerve,  and  is  limited  in  the 
cose  of  Man  to  the  region  of  the  uppei'  turbinal  process  and  a  part 
of  the  septum  nasi.  It  is  the  respiratory  function  that  causes  tbe 
vast  dimensions  which  the  organ  of  smell  attains  in  the  higher 
Vertebrates. 

The  increase  tii  tie  s-urface  of  tke  nasal  oavUy  w  produced  by  three 
different  ei-ents  :  (1)  by  tho  formation  of  the  hard  and  soft  palate, 
(2)  by  the  development  of  the  turbinal  bones,  (3)  by  the  appearance 
of  tho  ttcceaaory  cavities  of  the  nose. 

The  first  event  begins  in  Man  toward  tbe  end  of  the  second  month. 
There  is  then  formed  on  the  inner  surface  of  the  maxillary  prooess 
(fig.  289)  a  ridge,  which  projects  into  the  wide  primitive  onJ  cavity 
and  grows  out  horizontally  into  a  plate.  The  right  and  left  pftlatal 
plates  at  first  embrace  l-etween  tbem  a  bioad  fissure,  through  which 
may  be  swn  the  original  roof  of  the  oral  cavity  and  on  this  the  inner 
nasal  orifices,  which  become  more  and  more  i^lit-like  and  are  separated 
by  a  bridge  of  substance  which  has  arisen  from  the  median  frontal 
process  and  can  now  be  designated  as  the  nasal  septum.  In  the 
third  month  the  emlmjiinic palatidfssure  becomes  gradually  nan-ower. 


I 
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Hie  horizontal  palatal  processea  of  the  uppw  jaw  increase  in  size, 
and  finally  their 
free  edgett  en- 
«>un(«r  in  the 
median  plane  the 
Htill  broad  nafal 
Heptum,  which  has 
grown  down  yet 
farther  into  the 
oral  cavity.  Then 
the  parts  men- 
tioned begin  to 
fuse  with  one  an- 
other from  before 
backward. 

Two  stages  of 
this  procees  are 
illustrated  by  the 
accompanying 
figuren  (figs.  290, 

291),  in  which  cross  sectionB  through  the  antorior  end  of  two  embryo 

PigB  are  repre- 


obTitr  wA  the  pUoH  daalgrutcd  b^  a  *  ;  K,  oartlUfe  ctf  tlu  hbmH 
•eptniu  ;  m.  Inrblnal  urtUngs ;  J,  omu  al  Jicobbon  :  /',  the 
pUn  vbsni  It  □)«□■  Into  tb«  auti  nvttj  ;  af.  paUtal  proc«  ; 
qf.  mutlUrj  prociH ;  it,  AtoM  lidp. 


narrow   palatal   fissiire   indicated    by   an   a.'derisk. 

In  figure  291  the  fusion  has  taken  place.      Id  this  manner  the 
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primitive  oral  cucity  iu  divided  into  two  storeys,  one  above  tlie  other. 
One,  the  upper  part,  becomes  associated  with  the  organ  of  smell,  to 
the  enlargement  of  which  it  contributes  j  it  is  distinguished  from  the 
space  that  arose  from  the  original  olfactory  pit,  or  the  olfactory 
labyrinth,  as  •jiaao-jiltarifngeal  yaesage.  Tliis  opens  behind  into  the 
pharynx  by  moans  of  the  posterior  nares.  The  lower  part  becomes 
the  secondary  onil  cavity.  The  partition  that  has  bt-en  formed  from 
the  maxilloi-y  process  is  the  palate,  which  later,  when  the  develop- 
ment of  the  bones  of  the  head  cnn  be  traced,  is  ditfereutiated  into  thti 
hard  and  the  w/I  palate. 

A  small  portion  of  the  palatal  fissure,  which  in  young  embryos 
traverses  the  palate  from  in  front  backward  and  unites  oral  and 
nasal  cavities  (fig.  200  •),  is  preserved  iti  most  VertehrateM  and  con- 
stitutes the  ditclu^g  luzgopalatinut  or  Stenson's  dtiet.  A  probe  may  be 
passed  throiif^b  it  from  the  nasal  to  the  oral  cavity,  In  Man  the 
duct  of  Stenson  is  closed  during  embryonic  life ;  there  is  presei-ve*!, 
however,  in  the  palatal  process  of  the  bony  maxilla  at  the  cwrrespond- 
ing  plate  a  vacuity,  the  mnalU  iridai-oua,  occupied  by  connective 
tissue,  blood-vessels,  and  nerves. 

Where  the  ducts  of  8tenboh  are  present,  there  are  found  in  their 
vicinity  the  organs  of  Jaoobbum,  concerning  which  the  statement  has 
already  Iweu  made  that  they  are  established  very  early  as  special 
depressions  of  the  two  olfactory  pitfi.  In  Man  this  organ  is  converted 
into  a  narrow  tube,  which  hea  a  httle  above  the  canalis  iiicistvus  and 
"  pursues  a  straight  course  backward  and  slightly  upward  close  to 
the  cartilaginous  partition,  ending  blindly  "  (Schwalbe),  In  Mam- 
mals the  organ  is  more  highly  developed  (figs.  290,  291  J);  it  is 
enveloped  in  a  special  cartilaginous  capsule  (Jauousos'b  cartilage, 
jk)  and  receives  a  special  bmnch  of  the  olfactory  nerve,  whiuh  tei^ 
minates  in  a  sensory  epithelium,  which  agrees  with  that  of  the 
regio  olfactoria.  Frequently  {e.g,,  in  Ruminantia)  it  opens  into  the 
beginning  of  Stenson's  canal,  which  in  this  case  remains  open  as 
a  communication  between  nasal  and  oi'al  cavities. 

I  cited  the  formation  of  folds  as  the  second  means  of  increasing  the 
internal  surface  of  the  organ  of  smell.  These  are  develope*!  in 
Mammals  (figs.  290,  291)  and  in  Man  on  the  latei-al  walls  of  the 
nasal  chambers;  they  run  parallel  to  one  another  from  in  front 
backward ;  their  free  margins  grow  downward,  and  in  consequence  of 
the  forms  which  they  assume  are  called  the  three  m(m»/  tKrbinaled 
proeeues,  while  the  spaces  between  them  ai'e  df«ignated  as  upper, 
middle,  and  luioer  naaal  piuawjes.      Fi'om  the  cartilaginous  crani&l 
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capsule  they  receive  in  Man  as  early  as  the  second  month  a  support, 
which  sul)sequently  ossifies.  In  many  Mammals  the  turbinated 
processes  acquire  a  complicated  form  owing  to  the  production  upon 
the  first  fold  of  numei*ous  smaller  secondary  and  tertiary  folds,  which 
become  peculiarly  bent  and  rolled  up.  On  account  of  the  complicated 
form  resulting  fi*om  the  production  of  the  turbinated  processes  the 
olfactory  sac  has  received  the  name  of  olfactory  lahyrinth. 

Thii*dly  and  lastly,  the  mucous  membrane  of  the  nose  is  increased 
in  extent  by  the  formation  of  evaginations  which  grow  out  partly 
into  the  ethmoid  i*egion  of  the  cranial  ca{)sule,  which  consists  of 
cartilage  during  early  stages  of  development,  and  partly  into  a  number 
of  the  coveiing  bones  (Belegknochen). 

In  this  mann(>r  are  formed  the  numerous  small  cribriform  pita  in 
the  cartilaginous  cribriform  plate.  Somewhat  later  (in  Man  during 
the  sixth  month)  an  evagination  into  the  upper  jaw  is  developed  into 
the  antrum  of  IIionMORE.  Finally,  after  birth  evaginations  penetrate 
into  th(»  body  of  the  sphenoid  bone  and  into  the  frontal  bone,  pro- 
ducing the  sinus  spliejundales  and  sinus  froniales^  which,  however, 
attain  their  full  development  only  at  the  time  of  sexual  maturity. 
In  many  Mammals  the  enlargement  of  the  nasal  cavity  takes 
pla(ro  even  farther  backward  into  the  body  of  the  occipital  bone 
(simis  occipitides).  Itiiismuch  as  the  accessory  cavities  of  the  nose 
take  the  place  of  bone-substance,  they  naturally  contribute  to  the 
cHminution  of  the  weight  of  the  cranial  skeleton. 

In  connei'tion  with  th(»  account  of  the  organ  of  smell  the  formation 
of  the  external  nose  ought  now  to  be  briefly  considered.  It  is 
developed  out  of  the  frontal  process  and  the  jwirts  designated  as 
nasal  pixx'csses  (figs.  28G,  288,  and  289),  these  becoming  elevated  more 
and  more  above  the  level  of  the  surrounding  parts.  At  first  broiid 
and  bulky,  the  nose  later  becomes  thinner  and  longer  and  acquires 
characteristic  forms.  The  nostiils,  which  at  their  formation  are  far 
apart,  com(i  together  in  the  median  plane.  Wherejis  the  distance 
in  an  embryo  five  weeks  old  Is,  as  His  has  shown  by  measurements, 
1*7  mm.,  it  has  Ixnrome  reduced  in  an  embryo  seven  weeks  old  to 
1*2  mm.,  and  in  one  somewhat  older  to  0*8  mm.  The  median  frontal 
pi-ocess  is  correspondingly  reduced  in  thicknass  and  furnishes  the 
nasal  septum. 

S  CM  MARY. 

1.  The  organ  of  smell  is  tleveloped  out  of  two  pit-like  depressions 
of  the  outer  gei-m-layer,  which  ai-e  formed  on  the  frontal  process  at 
a  considerable  ilistance  from  each  other. 
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2.  At  a  l:it«f  stage  the  pits  are  united  witli  the  ungle  of  the  oral 
cavity  by  means  of  the  nasal  gimivett. 

3.  The  innvr  and  outer  margins  of  the  oKactoi7  pits  and  the  nasal 
grooves  project  out  as  ridges  and  constitute  the  inner  and  outer  nasal 
protease.'*, 

4.  By  fusion  of  the  margins  of  the  nasal  groovee  the  organ  of 
smell  is  converted  into  two  nasal  passage:!,  which  open  out  on  the 
frontal  procetis  by  means  of  the  ext«rnal  nareH  and  ou  the  roof  of 
the  primitive  oral  cavity  a  little  bock  of  the  upper  lip  by  means  of 
the  internal  naree. 

5.  The  internal  nares  afterwards  become  fissure-like  atid  move 
nearer  together,  owing  to  the  nasal  septum  becoming  thinner  and 
growing  downwai-d  somewhat  into  the  primitive  oral  cuvity. 

6.  The  up|)er  part  of  the  primitive  oral  cavity  shares  in  the  forma- 
tion of  the  organ  of  smeU  and  serves  for  the  increase  of  its  re- 
spiratory i-egion,  siniro  horizontal  ridges  (the  palatal  processes)  grow 
inward  from  the  maxillary  pi-ocessea  toward  the  lower  margin  of  the 
nasal  septum,  with  which  they  fnso,  and  produco  the  hard  aud  soft 
palate. 

7.  Ill  the  organ  of  tunell  a  further  enlargement  of  the  tijuK'Vn 
semng  for  ri'spiraLory  purposes  is  produced  by 

(a)  The  formation  of  folds  of  it«  mucous  membrane,  by  whitrh 
the  turbinated  proc^Ksses  arise  ; 

{b)  E\'uginati<)ns  of  its  mucous  memhrane  into  the  odjivcent 
parts  of  the  cartilaginous  and  bony  cephalic  skeleton 
(formation  of  the  "  cells  "  tn  the  cribriform  plate,  the 
frontal  aod  sphenoidal  sinuses,  and  the  antrum  of 
Higuuore). 

8.  In  human  embryos  thei-e  la  early  foi'mod  in  the  olfactory  pit 
a  special  depression  of  the  outer  germ^layer  as  fundament  of  the 
organ  of  Jacobson,  which  receives  a  special  branch  of  the  olfactory 


9.  Jacobsun's  organ  comes  to  lie  at  the  base  of  the  nasal  septum 
remote  from  the  olfactory  region. 

10.  The  ducts  of  Stenson  in  many  Mammnis  ami  the  canikles 
indsivi  in  Man  arc  preserved  us  remnants  of  the  so-called  palatal 
fissures — the  original  lissuro-like  communications  between  nasal 
cavities  and  secondary  oi-al  cavity. 
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m.  The  Development  of  the  Skin  and  its  Acoeisory  Organs. 

Having  now  become  acquainted  with  the  physiologically  more 
important  functionH  of  the  outer  germ -layer, — which  oonsiBt  in  the 
production  of  the  nervous  system  and  the  sensory  organs, — I  give  a 
short  survey  of  the  changes  wliich  take  place  in  the  remaining  part, 
which  in  now  designated  as  primitive  epidermis  (Homblatt).  This 
furnishes  the  whole  outer  skin  of  the  body  or  epidermis  and  the 
numerous  and  various  organs  that  are  differentiated  out  of  it,  such 
as  the  nails,  the  hair,  and  the  sweat-,  sebaceous,  and  milk-glands. 

(a)  Tlie  Skin. 

The  epidermis  of  Man  is,  according  to  the  statements  of  Kolliker, 
very  thin  during  the  first  two  months  of  development,  and  consists  of 
only  two  single  layers  of  epithelial  cells.  Of  these  the  superficial 
layer  exhibits  flattened,  transparent,  hexagonal  elements ;  the  deeper 
one,  on  the  contrary,  consists  of  smaller  cells ;  so  that  already  there 
is  indicated  by  this  a  differentiation  into  a  corneous  and  a  mucous 
layer.  Even  now,  too,  a  detachment  of  epidermal  cells  begins  to 
manifest  itself.  For  the  outer  cell -layer  is  soon  found  to  be  in 
process  of  decay,  with  obliterated  cell-contours  and  indistinct  nuclei, 
while  a  supplementary  layer  arises  beneath  it.  In  many  Mammals 
the  dying  layer  of  cells  is  detached  as  a  continuous  sheet  and 
then  constitutes  for  a  time  a  kind  of  envelo|)e  aix)und  the  whole 
embryo,  to  which  Welcker  has  given  the  name  epitrichiwin^  because 
the  outgrowing  hairs  are  developed  beneath  it. 

From  the-  middle  of  embryonic  life  onward  both  layers  of  the 
epidermis  l)ecome  thicker  and  the  outermost  of  them  contains 
comifie<l  scales,  the  nuclei  of  which  have  degenerated.  From  this 
time  onward  a  more  (extensive  desquamation  takes  place  at  the 
surface,  while  the  loss  is  made  good  by  cell -divisions  in  the  mucous 
layer  and  by  the  metamorphosis  of  those  products  of  division  into 
comified  a'lls.  In  consequence  of  this  the  surface  of  the  embryo 
becomes  up  to  the  time  of  birth  more  and  more  covered  with  a 
yellowish- white,  grejisy  nuvss — the  sinegnui  efnibryoiiwni  or  veniix 
caaeosa,  ThLs  consists  of  a  mixture  of  detached  epidermal  scales  and 
of  selwiceous  secretions,  which  have  l)een  pixKluccnl  l)y  the  dermal 
glands  that  have  aris^m  meantime.  It  forms  a  thick  layer,  especially 
on  the  flexor-side  of  the  joints,  on  the  sole  of  the  foot,  the  palm  of 
•  the  hand,  and  on  the  head.     Detached  portions  of  it  get  into  the 
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amniotic'  Quid  and  make  it  tiirbid.  Finally  these,  oh  well  aa  soibe 
of  (he  detacht»d  downy  hairw,  may  \>e  swallowyj  Ity  the  embryo  with 
the  amniotic  fluid,  and  thus  become  a  compouent  of  the  meconiiuu 
accumulated  in  the  inte^ine. 

The  epidermis  constitutes  only  one  component  of  the  ukiu  of  the 
adult  or  of  the  integument ;  the  other  and  more  voluminoua  part — 
the  derma  or  corium — is  produced  by  the  mesenchyme.  The  same  thing 
takes  place  hero  ea  in  the  case  of  the  other  membranes  and  organu 
of  the  body.  The  epithelial  layers  derived  front  ihr,  primary  fjenn- 
layera  enter  into  close  relationship  with  the  vtesenchyiae,  since  they 
ncquii-e  from  the  latter  a  connective -tissue  foundation  that  serveti  for  - 
tbtiir  mechonicat  support  and  nutrition.  Just  as  the  inner  germ- 
layer  unites  with  the  intermediate  layer  to  form  the  mucous  mem- 
hram>  of  the  alimentary  canal,  as  the  epithelium  of  the  auditory 
vehicle  with  the  adjacent  connective  snbtitance  to  form  the  mem- 
branous labyrinth,  and  as  the  epithelial  optic  vesicli>  with  the  choroid 
and  sclera  to  form  the  eyeball,  so  here  also  the  epidermis  unites  with 
the  curium  te  constitute  the  integument. 

During  the  first  months  the  corium  forma  in  Mjvn  a  layai-  of 
closely  packed,  spinille-«haped  cells,  and  is  delimited  from  the 
epidermis  by  a  delicate,  Btructureless,  smooth -surfaced,  bounding 
membrane  (basement  membiikue),  such  as  exists  permanently  in  the 
case  of  the  lower  Vertebrates.  In  the  thii-d  month  it  is  differ- 
entiated into  the  corium  pi-oper  and  the  looser  subcutaneous  tissue, 
in  which  there  are  soon  developed  clusters  of  fat  cells.  From  the 
middle  of  pregnancy  onwai-d  the  latter  so  increase  in  number  that 
the  subcutaneous  tissue  soou  becomes  a  layer  of  fat  foveiing  the 
whole  body.  At  this  time  the  smooth  contour  between  epidermis 
and  corium  is  lost,  owing  to  the  development  on  the  sm-faoe  of  the 
latter  of  small  papillic,  wliich  grow  into  the  mucous  layer  and 
produce  the  corpus  papillare  of  tits  skin.  The  papillic  sei-vo  partly 
for  the  i-eceptiou  of  loops  of  capillary  blood-vesiwls,  and  thus  effect 
a  better  nutrition  of  the  mucous  layer ;  in  jtart  they  receive  the 
terminationii  of  tactile  nerves  (tactile  corpuscles),  and  tlius  are 
divided  into  voscidar  papillie  and  nervuiis  papilW 

The  skin  of  Vertebrates  attains  a  higher  degree  uf  development  in 
consefjuonce  of  processiis  similai'  to  thati'  doscribal  for  the  intestinal 
canal.  T/ie  epidennin  inareasM  ite  surface  mUward  by  the  /ormativH 
qf  folds,  inward  hy  invayiiuUimm.  Because  the  evaginated  uuil 
iuvaginated  {lartH  at  the  same  time  alter  in  many  ways  theii- 
histological  peculiarities,  there  aiises  a  large  uumber  of  organs  uf 
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different  kmds,  which  are  developed  in  different  ways  in  the  separate 
classes  of  Vertebrates  and  which  preeminently  determine  the  external 
appearance  of  the  animals. 

As  external  processes  arise  the  dermal  teeth,  and  scales,  the 
feathers,  hair,  and  nails.  As  invaginations  of  the  epidermis  are 
developed  the  sweat-,  sebaceous,  and  milk-glands.  We  will  begin 
with  the  foimer,  and.  not  to  go  too  far  into  details,  will  limit  our* 
selves  to  the  organs  of  the  skin  in  Mammals. 

(6)  The  Hair, 

The  most  characteristic  epidermoidal  structures  of  Mammals  and 
Man  are  the  hairs.  One  can  distinguish  two  modifications  in  the 
method  of  their  development.  The  ordinary  method  of  development 
is  that  which  is  known  in  Man.  In  this  case,  at  the  end  of  the 
third  embryonic  month,  the  mucous  layer  grows  at  certain  places 
and  forms  small  solid  plugs,  the  hair-germSf  which  sink  into  the 
underlying  corium  (fig.  292  B  hk).  By  afterwards  elongating  and 
becoming  thickened  at  the  deep  end  they  assume  the  shape  of  a 
flask.  Then  there  ensues  a  process  similar  to  that  which  takes  place 
upon  the  formation  of  the  teeth.  At  the  bottom  of  the  epithelial 
plug  the  adjacent  corium  grovn^  and  forms  a  richly  cellular  nodule 
{pa\  which  grows  into  the  epithelial  tissue  and  is  the  fundament  of 
the  connective-tissue  hair-jyapHloi,  which  is  early  provided  with  loops 
of  blood-vessels.  Around  the  whole  ingrowing  germ  of  the  hair  the 
surrounding  parts  of  the  corium  are  afterwards  more  and  more 
distinctly  arranged  into  special  courses  of  fibres — some  of  which  run 
lengthwise,  others  in  a  circular  manner — and  constitute  a  special, 
vascular,  nutritive  envelope,  the  Jiair-foUicU  (Gig.  292  (7,  Z>,  hb), 

A  somewhat  different  method  of  hair-formation  has  been  observed 
by  Eeissner,  Goette,  and  Feiertaq  in  certain  Mammals. 

In  these  the  first  impulse  to  the  formation  of  the  fundament  of  a 
hair  is  produced  by  a  limited  cell-growth  of  the  corium  immediately 
below  the  epidermis.  It  produces  a  small  elevation  {Gg.  292  A), 
which  is  simply  the  hair-papilla  itself,  projecting  into  the  epidermis. 
Then  the  papilla  is  forced  faiiher  and  farther  away  from  the  surface 
of  the  skin  by  the  growth  of  the  epidermal  cells  that  cover  it,  and 
at  last  is  found  far  removed  fix>m  its  plact*  of  origin  and  at  the  deep, 
somewhat  thickened  end  of  a  long  epithelial  plug. 

The  final  result  is  therefore  the  same  in  lK)th  cases,  only  the  time 
of  the  formation  of  the  first  fundament  of  the  papilla  and  of  the 
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epithelial  plug  is  dlHerent.  In  the  Utter  raise  tlie  pjipilla  iirises  at 
the  surface  of  the  skin  And  is  forced  down  by  a  plug-like  epithelial 
^^wth ;  in  the  former  the  epithelial  plug  first  sinks  into  the  under- 
lying tiswne  and  then  at  il*  deep  end  the  hair-papiUa  in  formed  by  a 
growth  of  the  corium. 

The  question  arisen,  Which  of  tbe»io  two  methods  of  development 
is  to  be  couHidered  the  more  primitive )  In  my  opinion  it  ix  the 
/of  nation  of  the  hair-pajiiUa  at  t/ia  aurftux  of  t/is  skiH.  For  this  is 
UDi]ueetionably  the  simpler  and  less  complete  condition,  from  which 
the  Utter  in  derivable  and  through  which  it  is  explainable.  The 
boirx  sink  into  the  underlying  tissue  for  the  pur]iose  of  better 
nouricihmeiit  and  attachment.  A  jiai'allel  is  furnit^hed  by  the 
development  of  the  teeth.  lu  the  Selachiana  the  latter  arise  (no 
far  as  they  are  developed  as  protective  structui'es  in  the  skin)  from 
papillfe  which  grow  from  the  corinm  into  the  epidermis;  in  Teleosts 
and  Amphibia,  on  the  contrary,  the  teeth,  which  are  found  dis- 
tributed over  extensive  areas  in  the  oral  mucous  membrane,  are 
established  deep  down  in  that  membi-nDe,  for  epithelial  growths  in 
the  form  of  phign  firet  Biuk  ilowu  into  the  connective  tissue,  and  It 
is  only  subsequently  that  the  dental  papillie  are  formed  by  a  process 
of  growth  in  the  ciinniictive  tissue  at  the  bottom  of  the  epithelial 
down  growth. 

Let  us  return  after  this  comparison  to  the  further  development  of 
the  hair ;  this  takes  place  in  the  same  manner  in  both  the  casee 
distinguished  above.  The  epithelial  cells  which  cover  the  papillie 
multiply  and  are  differentiated  into  two  parts  (fig.  292  C) ;  first, 
into  cells  that  are  more  remote  from  the  papillm,  that  become 
spindle-shapi'd  and  united  into  a  xmall  cone,  and  that  by  comiScation 
produce  the  first  point  of  the  hair  {/in),  and  secondly  into  cells  which 
immediately  invest  the  papilla,  remain  protoplasmic,  and  constitute 
the  matrix — the  hair-bulb  (hz) — by  means  of  which  the  further 
growth  of  the  hair  takes  p]u«e.  The  cells  of  the  hair-bulb,  which 
rapidly  increase  by  division,  are  added  below  to  the  first-formed  part 
of  the  hair,  and  by  comifitration  contiibute  to  its  elongation. 

The  hair  in  proceHs  of  development  on  the  papilla  at  first  Het> 
wholly  concealed  in  the  skin  and  is  envelopeil  on  all  sides  by  cells  of 
the  epithehal  plug,  at  the  bottom  of  which  the  first  trace  of  it  was 
formed.  Ji'rom  this  investment  are  formed  the  outer  and  the  inner 
aheaths  of  t/te  root  (fig.  2^2  0  and  IJ  aw  and  iw).  Of  these  the 
outer  {am)  consists  of  small  protuplasmic  cells  and  is  continuous 
externally  with  the  mucous  liiyer  of  the  epidermis  {achl),  internally 


with  the  hair-bulb  (/lz).     Tha  iwIIm  in  the  inner  ehealli  of  the  nx>t  ] 
(iio)  assume  a  flfittcned  form  and  bvcome  cornilied. 

In  coii^teqiitinoe  of  the  gi'owth  which  proceeds  from  the  bulb  the   ' 
hairs  arc  gnidually  shoved  up  toward  the  Hurfoce  of  the  epidermic, 
and  at  the  end  of  tlie  fifth  month  in  the  case  of  Man  begin  to  breivk 
forth  to  the   outaide   (tig.   292   D  ha').     They   protrude  more  and  j 
e  above  the  surface  of  the  skin,  even  in  the  mnbryu,  and  coutiti-  I 
tut«  at  many  places  of  the  skin,  especially  on  thi?  ht^d,  a  rather  ] 


thick  covering.     On  nct.'oiint  of  their  minute  xixe  and  tinenees,  and  I 
because  they  fall  out  soon  aft«r  birth,  they  aiv)  called  the  doionj/^ 
Of  lantti/o. 

Eaeh  hair  is  a  trtuuHoty  eb-ucturt  n/ahort  duroltott.  After  a  time  I 
it  falls  out  and  is  replaced  by  a  new  one.  This  pi-occtis  bc^ns  e 
durnig  embryunio  life.  The  hairs  that  fall  olf  gi^t  iulo  the  amnloUo  1 
rtuid,  and  aince  with  this  fluid  they  are  swallowi'd  by  the  embryo,  they  J 
form  one  of  the  compunents  of  the  meconium  aceumuinted  in  tbs  1 
intostiual  ciinal.     A  mui-e  extensive  change  takes  place  ui  Man  i 
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after  birth  with  the  slieililing  of  the  ilowny  huir,  which  Ls  replaced 
on  many  parts  of  the  b<Kly  by  ii  more  vigorous  growth  of  liair.  In 
Mummals  the  nheclding  of  tho  oltl  anil  the  formation  of  new  hiiir 
exiiibibi  a  i^rtiuu  pcTioilicity,  whic^h  is  dependent  on  the  wai'iner 
and  polder  perio<lK  of  the  year.  Thiw  they  develop  a  suumer  and  a 
winter  coat.  Even  in  Mun  the  Khodding  of  the  hair  is  intiaenced, 
although  less  noticeably,  by  the  time  of  yeaj'. 

Tlie  falling  off  of  the  hair  is  initiated  by  changes  in  the  purt 
rwting  on  the  papilla  and  called  the  bulb.  The  i«ll- multiplication, 
by  means  of  which  the  addition  of  new  comeowi  HubHtani-e  takes 
place,  ceases  ;  the  falling  hair  becomes  detached  from  ittt  matrix  and 
itn  deep  end  looks  as  though  it  were  split  into  shredN ;  but  it  is  still 
retained  in  the  hnir-foUicle  by  its  closely  investing  sheath,  until  it  is 
forcibly  removed  or  is  crowded  out  by  the  attppleritetUary  hair  that 
takes  its  place. 

The  opinions  of  investigators  still  differ  concerning  the  inanaer  in 
vihleh  t/ie  siipplementari/  hairs  are  developed.  An  especial  subject 
of  controversy  is  the  point  whether  the  yoimg  hair  w  formed  from 
an  entirely  new  papilla  (Htikda,  Feikbtaq)  or  from  the  old  one 
(I^HOEB,  V.  Ebner),  or  whether  both  methods  occur  (Kollikkk, 
Unna).  It  seems  to  ma  that  the  fiint  view  is  the  correct  one,  and 
that  the  shedding  of  the  hairs  is  due  to  the  lUrophy  of  their  papiUar. 
During  this  slowly  occui-ring  process  of  degeneration,  perhaps  even 
before  it  begins,  the  substitution  is  initiated  by  the  occurrence  of  an 
active  cell -proliferation  at  a  place  in  the  outer  sheath  of  the  root — 
which  indeed  consists  of  cells  rich  in  pi-otoplasm — and  by  the 
formation  of  a  new  plug,  which  grows  out  deeper  into  the  derma 
from  the  bottom  of  the  fundament  of  the  old  hair.  At  the  blind 
[deep]  end  of  this  aecomlary  fuiir-germ  there  is  then  developed  from 
the  derma  a  new  papilla,  upon  which  is  formed  the  new  hair  and 
its  sheaths  alongside  of  and  below  the  old  one,  in  the  manner 
previously  described.  When  it  begins  to  increase  in  length,  it 
presses  against  the  old  hair  lying  above  it,  crowds  the  latter  out 
of  its  sheaths,  until  it  falls  off,  and  finally  itself  tnkes  the  place 
of  it. 

According  to  this  account  there  would  be  a  certain  similarity 
between  the  sheilding  of  the  hair  and  that  of  the  teetli^  inasmuch  as 
in  both  cases  secondary  epitlielial  processes,  from  which  tbd  new 
tooth-  or  hair-papilla  begins  arise  from  the  primoi'y  fundament, 
and  inasmuch  as  the  new  structures  by  their  growth  displace  the 
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In  addition  to  the  development  of  hairs  from  old  fundaments,  a 
second  method  of  formation,  which  one  might  designate  as  direct  or 
primary,  is  maintained  by  many  writers  (Goktfe,  Kollikkb).  It  is 
assumed  that  evon  after  birth,  both  in  the  avue  of  Man  and  other 
Mammals,  hair-germs  are  formed  dii-ectly  fi-om  the  mticous  mem- 
brane of  the  epidermis,  in  the  same  manner  as  in  the  embryo.  In 
how  far,  at  what  regions,  and  up  to  what  age  such  a  direct  fcfrma- 
Han  of  hair  takas  place,  demands  still  more  detailed  and  exhaustive 
investigation* 

(c)  The  NaiU. 

A  second  organ  resulting  from  a  cornification  of  the  epidermis  is 
the  nail,  which  corresponds  in  a  comparative-anatomical  way  to 
the  claw-  and  hoof -like  structures  of  other  Mammals.  In  human 
embryos  only  seven  weeks  old  there  appear  proliferations  of  the 
epidermis  at  the  ends  of  the  fingers,  which  are  noticeably  short  and 
thick,  and  likewise  at  the  ends  of  the  toes,  which  are  always  less 
developed  than  the  fingers.  In  consequence  of  the  proliferations 
there  arise  from  the  loose  epidermal  cells  complicated  claw-like 
appendages,  which  have  been  described  by  Hensen  as  predecesaora  of 
the  nails  or  primitive  nails. 

In  somewhat  older  embryos,  from  the  ninth  to  the  twelfth  week, 
Zander  found  the  epidermal  growth  marked  off  from  its  surround- 
ings by  a  ring-like  depression.  The  growth  consists  of  a  single 
layer  of  cylindrical  cells  with  large  nuclei  lying  on  the  side  toward 
the  derma  and  corresponding  to  the  rete  Malpighii,  of  two  or  three 
layers  of  polygonal  spinous  cells,  and  of  a  corneous  layer. 

The  territory  thus  distinguished  by  a  depression  and  by  an 
altered  condition  of  the  cells  Zander  calls  the  primary  basis  of  the 
nail  (Nagelgrund),  and  descril)es  it  as  occupying  a  greater  part  of 
the  dorsal,  but  also  a  smaller  part  of  the  ventral  surface  of  the 
terminal  segment.  He  infers  from  this  that  the  nails  in  Man 
originally  had,  like  the  claws  of  the  lower  Vertebrates,  a  terminal 
position  on  the  toes  and  fingers,  and  that  they  have  secondarily 
migrated  on  to  the  dorsal  surface.  Thus  he  explains  the  fact  that  the 
region  of  the  nail  is  supplied  with  the  ventral  nerves  of  the  fingers. 

Gegenbaur  subscribes  to  Zander's  \'iew  of  the  terminal  position 
of  the  fundament  of  the  nail,  but,  supported  by  the  investigations 
of  Boas,  op{)oses  Zander's  assumption  of  a  migration  of  the  funda- 
ment of  the  nail  dorsiilly.  He  distinguishes  in  the  development  of 
nails  aud  claws  two  parts  (fig.  293),  the  dorsally  located  firm  naU- 


plate  (np)  and  the  pltmtar  ham  (Sohlenhorn,  sA)  ronnect«d  with  it 
vontrally.  Of  tliftw  the  latter  arises  from  the  smaller  ventral 
Rurface  of  the  primnvy  baHLi  of  the  nail.  In  unguifulnte  and 
ungulate  Veilebrates  it  (fig.  '2114  sA)  18  developed  Ui  a  gmkt  extent ; 
in  Man  it  atrophies,  and  in  recogiiiwible  only  in  an  nxceeiiingly 
reduced  condition  an  nail-icelt.  By  this  term  is  meant  the  weltrlike 
Ihii'lcening  of  the  epidermis  vhich  forms  the  transition  from  the 
bed  of  the  nail  to  the  corrugated  skin  of  the  ball  of  the  finger.  The 
nail-|il»t«,  on  the  contrary,  ifl  from  the  beginning  exclusively  a 
piWuct  of  the  dorsal  surface  of  the  basis  of  the  nail.  There  is 
thei-efoi-e  neither  in  Man  nor  in  other  MnmmalR  a  doitial  migration 
of  the  terminal  fundament  of  the  nail,  but  only  a  degeneration  of 
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its  ventral  portion,   which  otherwise  farniahes  a  more  complete 
plantar  hum. 

So  far  an  regards  the  particular  events  in  the  development  of 
the  nail-plate,  the  structure  is  demonHtrahle  in  human  embryos  four 
months  old  as  a  thin  flat  layer  of  comified,  closely  united  cells  on 
the  dorsal  surfikce  of  the  primary  basis  of  the  nail  or  the  bed  of  the 
nail.  It  is  produced  by  the  mucous  layer  upon  which  it  im- 
mediately lies,  but  continues  for  a  time  to  be  covered  by  the  thin 
corneous  layer  that  in  present  at  all  points  of  the  epidermis.  This 
investment — Unna's  eponychivfti — is  not  lost  until  the  fifth  month. 
However,  notwithataiiding  their  investment,  the  nuila  are  easily 
ifwognisable  some  weeks  before  tbia  fi-om  theii"  whiteness,  in  dis- 
tinction from  tilt'  re<ldish  or  dark  red  color  of  the  sin-rounding  sldn. 
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Owing  to  the  addition  of  new  cells  from  the  mucoiLs  membrane,  both 
from  below  and  from  the  posterior  margin,  the  nail-plate  grows — it 
becomes  thickened  and  increased  in  surface  extent.  It  is  now 
pnshed  forward  from  behind  over  the  bed  of  the  nail,  and  at  the 
seventh  month  ite  free  margin  begins  to  project  beyond  the  latter. 

With  this  the  nail  has  acquired  essentially  the  appearance  and  con- 
dition which  it  has  in  the  adult.  In  new-bom  infants  it  possesses  a 
margin  which  projects  far  over  the  ball  of  the  finger,  and  which — 
because  it  was  formed  at  an  early  embryonic  period — ^is  both  much 
thinner  and  also  narrower  than  the  part  formed  later,  which  rests  on 
the  bed  of  the  nail.   This  margin  is  therefore  detached  soon  after  birth. 

(d)  The  Glands  of  the  Skin. 

The  glandular  structures  of  the  epidermis,  which  are  established 
by  invagination,  are  of  three  kinds:  sebaceous,  sweat-,  and  milk- 
glands.  They  all  arise  as  proliferations  of  the  mucous  layer  which 
grow  down  as  solid  plugs  into  the  derma,  and  then  undergo  further 
development  either  according  to  the  tubular  or  the  alveolar  type. 

The  aweat-glcmda  and  the  ear-toax  glamds  are  developed  on  the 
tubular  plan.  They  begin  in  the  fifth  month  to  penetrate  from  the 
mucous  membrane  into  the  corium ;  in  the  seventh  month  they 
acquire  a  small  lumen,  take  a  winding  course  in  consequence  of 
increased  growth  in  length,  and  become  coiled  especially  at  their 
deep  ends,  thereby  giving  rise  to  the  first  fundament  of  the 
glomerulus. 

Sebaceous  glands  and  milk-glands  are  alveolar  stntdures.  The  former 
are  either  developed  directly  from  the  epidermis,  as,  for  example,  at 
the  cdgoR  of  the  lips,  on  the  prepuce  and  on  the  glans  penis,  or  they 
are  in  close  connection  with  the  hairs,  which  is  the  ordinary  condi- 
tion. In  the  latter  case  they  are  formed  as  solid  thickenings  of  the 
outer  sheath  of  the  root  of  the  hair  near  the  orifice  of  the  follicle, 
even  before  tlie  hairs  are  completely  developed  (fig.  292  C,  Z),  td)  ;  at 
first  they  have  the  form  of  a  fiask,  then  they  send  out  a  few  lateral 
buds,  which  develop  club-shaped  enlargements  at  their  ends.  Tlie 
glands  acquire  cavities  by  the  fatty  degeneration  and  disintegration 
of  the  interior  cells,  which  are  eliminated  as  a  secretion. 

The  development  of  the  milk-glands^  which  are  more  voluminous 
organs  entrusted  with  an  important  function  and  peculiar  to  the 
class  Mammalia,  is  of  greater  interest.  Of  the  numerous  works 
that  have  appeared  concerning  them,  the  comparative-anatomical 
investigations  of  Gegenbauu  es|)ecinlly  have  led  to  valuable  results. 
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I  preeent  at  the  -very  beginning  of  the  dkcussion  the  following 
propoation,  which  in  of  importance  in  interpreting  the  conditions 
foond :  each  viilk-gliind  in  Man  is  not  a  aimple  orijan,  Hke  an  ear- 
i/land  or  a  suhmaxiUai-ij  gaiivary  'jUind,  wiUi  a  simple  outlet,  but 
a  great  gl/indular  complete.  Its  earliest  fundnment  has  been 
obiKTVed  in  the  human  embryo  at  the  end  of  the  second  mouth  as  a 
considerable  thickening  of  the  epidermis  (fig.  295)  upon  the  right 
and  left  sides  of  thi)  breitst.  It  has  arisen  as  the  result  of  a  special 
pi-oliferation  of  the  mucous  layer,  which  has  sunk  into  the  <lerina 
in  the  form  of  a  hemispherical  knob  (fl/).  But  modificiitions  arise 
afterwarda  in  the  corneous  layer  also,  by  its  becunung  thickened  and 
projecting  aa  a  corneous  plug  into  the  proliferation  < 
Inyei',  Ordinarily  there  is  found 
a  small  depression  (g)  at  the 
middle  of  the  whole  epithelial 
fundament. 

The  proliferation  of  the  epi- 
deimis  that  first  appears  is  nut 
precisely,  as  assiuned  by  Hein,  the 
first  fundament  of  the  glandular 
pareuciiyuia ;  it  therefore  does 
not  correspond  to  the  epitlieliiil 
plugs  which  sink  into  the  dei'Dia 
in  the  development  of  the  sweat 
and  sebaceous  glands,  bec'ause 
the  further  courau  of  develop- 
ment and  especially  comparative- 
anatomical  studies  irdiow,  that  by 

tihe  thickening  of  the  epidermis  there  is  only  an  early  delimitation 
of  a  tract  of  the  akin,  which  is  suljsequently  metamoi-phosed  into  the 
nipple-area  and  papilla,  and  from  the  floor  of  which  the  »eparaU 
milk- producing  glands  at  length  sprout  forth. 

The  correctness  of  tliis  view  is  shown  by  the  following  chougett : 
In  older  embryos  the  lenM-sliiiped  thickening  pi-odueed  by  the 
proliferation  of  the  epidermis  has  increased  at  the  periphery  and 
hat.  thei-eby  Ijecome  flattened  (tig.  296  df).  At  the  same  time  it  is 
more  shai-ply  defiiie<l  at  the  siu^oce,  owing  to  the  derma  becoming 
thickened  and  elevated  into  a  wall  {dta) — the  uutis'wall.  Therefore 
the  wiiole  fundiuneiit  now  has  the  form  of  a  shallow  depression  ((j/") 
of  the  skin,  fur  which  the  name  utandidia-  urea  is  very  appivprinto. 
For  then'  eiirly  grow  out  fi-om  ils  miicoim  layer  into  tiin  derma  solid 
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buds  (dg),  juBt  ns  nt  other  pliices  the  sebivceouB  glands  luisB  from  the  I 
epideraiiB.  In  thi^  seventh  moQtb  they  nro  nliondy  well  developed, 
and  radiate  out  beluw  and  labemlly  from  the  pit^like  depression. 
Their  number  incruaBas  up  to  the  timi'  of  birth,  and  thf  larger  ones 
become  covered  with  iioli<l  lateral  buds  {df>).  Each  sprout  is  the 
fundament  of  a  milk-produeing  gland,  whii-h  opens  out  on  the 
glandular  area  I4f)  by  means  of  a  special  orifice  ;  each  is  morpho- 
logically comparable  with  a  seboceouB  gland,  although  its  function 
haa  become  different. 

The  name  glandular  area  is  alt<o  a  happily  selected  one 
because  it  present*  a  point  of  romparison  with  the  primitive 
conditions  of   the    Monotremes.       For    in  those   animals  one    doee 
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not    find,   as   in    the    higher  Mammals,   a    sharply   ilifTerentiated 
single  complex  of  milkglanda,  but  instead  a  somewhat  depresned 
area  of  the  skin,  even  pi-ovided  with  small  haire,  over  which  «tb 
distributed   idngle   small  glands,  the  secretion  of   which  is  Uokad   , 
up  with    the   tongue    by  the  young,    which   are   bom   in   a   i 
immature  t,-tate. 

In  the  remaining  Mammals  the  glands,  in  the  former  i 
opening  separately  upon  the  area,  are  unitMl  into  a  single 
organ,  wliidi  better  servea  the  young  in  sucking,  namely  a  papiBa 
[nippk]  or  t-itU,  whicli  enclotieH  all  the  outlets  of  the  glands  and  is 
grasped  by  the  mouth  of  the  suckling.  In  Man  their  development 
begins  after  birth.  The  glandular  area,  which  ia  encu'cled  by 
the   (.■ntts-wall    and    which  before  bii'th   was  deprf»«d    into  a  pit, 
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now  becomes  flattened  until  it  lies  in  the  same  niveau  with 
the  surrounding  i^kin.  It  in  diMtinguiiilied  from  the  latter  by 
its  redder  color,  which  is  due  to  its  greatei'  vascuhirity  and  the 
thinner  condition  of  its  epidermia.  Then  during  the  first  yeara 
after  birth  the  middle  of  the  glandular  area,  together  with  the 
outlets  (ductus  lactiferi),  which  there  open  out  close  to  one  another, 
is  raised  up  and  becomes  the  nipple,  in  the  derma  of  which  non- 
sti'iate  muscle -libra':  are  forme<l  in  great  number.^ ;  the  renuiining 
part  of  the  area  as  far  bm  the  cutia-wall  becomes  the  areola  mammie. 
The  metamorphosis  takes  place  somewhat  earlier  in  the  female  than 
in  the  male. 

Soon  after  birth  alterations  take  place  in  the  still  feebly  developed 
glandular  tifisue.  Thei-e  occurs  a  transitory  swelling  of  the  pectoral 
glands  accompanied  with  increiused  blood -pressure,  and  it  becomes 
jKMsible  to  press  out  of  the  ghind  a  small  quantity  of  a  milky  fluid, 
the  so-ctilled  witches'  milk.  According  to  Kollikeu  its  formation  it* 
due  to  the  originally  solid  ducts  of  the  glands  acquiring  at  this  time 
a  lumen  by  the  fatty  degeneration  of  the  central  cells,  which  are 
dissolved,  and,  suspended  in  a  fluid,  are  discharged  from  the  ducts. 
According  to  the  investigations  of  Barfurth,  on  the  contrary,  the 
so-called  witches'  milk  of  infants  is  the  product  of  a  genuine  tran- 
sitory secretion,  and  is  like  the  real  milk  of  the  mother  both  in  its 
morphological  and  chemical  components. 

After  hirth  great  differences  arise  between  the  two  sexes  in 
the  condition  of  the  milk-glands.  Whereas  in  the  male  the 
glandular  parenchyma  remains  stationary  in  its  development, 
in  the  female  it  begins  to  increase,  especially  at  the  time  of 
sesual  maturity  and  still  more  after  the  beginning  of  pregnancy. 
From  the  (i  rat -formed  duct«  of  the  glands  there  grow  out 
numerous  lateral,  hollow  branches,  which  become  covered  with 
hollow  vesicular  glands  (alveoli)  lined  with  a  single  layer  of 
cylindrical  epithelium.  At  the  same  time  there  a:'e  developed 
in  the  connective  tissue,  between  the  aeiiaiato  lobules  of  the 
ghmd,  numerous  islands  of  fat^x'lls.  In  consequence  the  i-egion 
at  which  the  complex  of  milk-glands  has  l»eu  formeil  i-wells  into 
a  more  or  less  prominent  elevation,  the  mamma. 

SUUHAUV. 

I.  The  development  of  the  hair  is  inaugurated  in  human  emblyoe 
by  the  growing  down  of  processes  of  the  mucous  layer  of  the 
epidormis^thu  hair-yPnn.s — into  the  underlyinj^'  doriua. 
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2.  At  the  deep  end  of  the  hair-germ  the  vascular  hair-papilla 
is  hegun  by  a  growth  of  connective  tissue. 

3.  The  epithelial  hair-germ  is  differentiated  into  : — 

(a)  A  yoimg  hair,  by  the  cornification  of  a  part  of  the  cells ; 

(6)  An  actively  growing  cell-layer  situated  between  the  shaft 
of  the  hair  and  the  papilla, — the  bulb, — which  fur- 
nishes the  material  for  the  growth  of  the  hair ; 

(c)  The  outer  and  the  inner  sheaths  of  the  root. 

4.  Around  the  epithelial  part  of  the  fundament  of  the  hair 
there  is  formed  fi*om  the  surrounding  connective  tissue  the  hair- 
follicle. 

5.  The  nails  in  Man  and  the  claws  in  other  Mammals  are  de- 
veloped from  a  dorsal  fundament — the  nail-plate — and  a  ventral 
fundament — the  plantar  horn. 

6.  The  plantar  horn  in  Man  is  reduced  to  the  nail-welt. 

7.  The  thin  nail -plate  which  is  formed  at  first  is  for  a  time 
covei'ed  with  a  layer  of  comified  cells,  the  eponychium,  which  in 
Man  is  shed  in  the  fifth  month. 

8.  The  milk -gland  is  a  complex  of  alveolar  glands. 

9.  At  first  there  arises  a  thickening  of  the  mucous  lajrer  of  the 
epidermis,  which  is  converted  into  the  glandular  area  that  is  after- 
wai*ds  marked  off  f i-om  the  suri*ounding  parts  by  a  wall  and  becomes 
somewhat  depi-essed. 

10.  From  the  bottom  of  the  glandular  area  there  grow  forth  in 
great  numbera  the  fundaments  of  alveolar  glands. 

11.  After  birth  the  glandular  area,  embi-acing  the  excretory 
ducts  of  the  glands,  is  elevated  above  the  surface  of  the  skin,  and 
convei'ted  into  the  nipple  and  the  ai*eola  mammae. 

12.  After  birth  thei-e  is  a  transitory  secretion  of  a  small  quantity 
of  milk-like  fluid — the  witches*  milk. 
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CHAPTER   XVII. 

THE  ORGANS  OF  THE   INTERMEDIATE   LATER    OR 

MESENCHYME. 

The  grounds  which  made  it  appear  necessaiy  to  distinguish  in 
addition  to  the  four  epithelial  gorm-hiyers  a  Bpecial  intermediate 
hiyer  or  mesenchyme  have  already  been  given  in  the  first  part  of 
this  text-book.  This  distinction  is  also  warranted  by  the  further 
progress  of  development.  For  all  the  various  tissues  and  organs 
which  are  derived  in  many  ways  from  the  intermediate  layer  allow, 
even  subsequently,  a  recognition  of  their  close  relationship.  Histo- 
logically the  various  kinds  of  connective  substance  have  been  for  a 
long  time  considered  as  constituting  a  sirujle  family  of  tissue. 

It  will  be  my  endeavor  to  emphasise  the  relationship  of  the 
organs  of  the  intermediate  layer,  and  whatever  is  characteristic  of 
them  from  a  morphological  point  of  view,  more  than  has  been 
hitherto  customaiy  in  text-books,  and  to  do  the  same  in  a  formal 
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way  by  ^tobraun^  these  organs  in  a  chapter  by  themselves  nnil 
iJiscussing  them  apart  from  the  nrgatui  of  tlie  mner,  middle,  and 
outer  germ-layers. 

It  i»  the  original  province  of  the  int«rmodiate  layer  to  form  a 
packing  and  suHtentatJve  Hubittance  between  the  epithelial  layers,  a 
fact  which  stands  out  with  tho  gi-eatest  distinctnuSH  particnlarly  in 
the  lower  groupB,  as  for  example  in  the  (Jrelenterates,  It  is  there- 
fore clodcly  dependent  upon  the  epithelial  layerx  in  the  matter  of  its 
distribution.  When  the  gi^rm-layent  are  raised  up  into  fulils,  it 
jwnetrates  between  the  layera  of  the  fold  as  a  auatentntive  lamella  ; 
when  the  germ-layers  aii»  folded  inwardi,  it  receives  tho  part^  that 
ure  being  differentiated — as  for  example  in  the  Vertebrat«s,  the  neural 
tube,  the  masses  of  the  transversely  striped  rauscltis,  the  secretory 
parenchyma  of  glands,  the  optic  cups,  and  tho  auditory  veaiclee — 
and  pjTfvides  thorn  with  a  special  envelopment  that  adjusts  itself 
to  them  (the  membranes  of  the  brain,  the  perimysinm,  and  the 
conncotive-tissue  substance  of  the  glands).  In  consequence  of  this 
tho  intermediate  layer,  in  thi'  same  proportion  as  the  germ-layers 
become  more  fully  organit*e<l,  becomes  itself  converted  into  an  extra- 
ordinarily complicated  framewoi'k.  and  resolved  into  the  most  diver- 
gent organa,  by  the  foi-mation  of  evaginationtt  and  invaginations 
and  the  constricting  off  of  parts. 

The  form  of  the  intermediate  layer  thus  produced  is  of  a  second- 
ary nature,  for  it  w  dependent  upon  the  metamorphosis  of  the  germ- 
layers,  with  which  it  is  most  intimately  connected.  But  in  addition, 
tho  intennediate  layer,  owing  to  its  own  gieat  power  of  metamor- 
phosis, acquires  in  all  higher  organisms,  particularly  in  the  Verte- 
brates, an  intricate  structure,  especially  in  the  vxiy  of  hiitologioal 
differmituUion  or  metamorphoaia.  In  this  way  it  gives  rise  to  a 
long  series  of  various  organs— the  cartilaginous  and  bouy  skeletal 
parts,  the  fasciie,  aponeuroses,  and  tendons,  the  blood-vessels  and 
lymphatic  glanils,  etc. 

It  is  therefore  fitting  to  enter  here  somewhat  more  particnlarly 
upon  a  discuwjon  of  the  priiieipU  of  hUtoU>gieal  differentiation,  and 
especially  to  inquire  in  what  manner  it  Is  concerned  in  the  origin  of 
organs  differentiated  in  the  mesenchyme. 

The  most  primitive  and  simplest  form  of  mesenchyme  is  gelatinons 
tissue.  Not  only  does  it  predominate  in  the  lower  groups  of  animals, 
but  it  is  also  the  fintt  to  be  developed  in  all  Vertebrates,  out  of  the  em- 
bryonic cells  of  the  intermetliate  layer,  and  is  here  the  forerunner  and 
the  foundation  of  all  the  remaining  forms  of  HUst«ntative  substance. 
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In  a  homogoneoii.s  soft,  (}uite  transparent  matrix,  which  chemically 
c<>n^icl«Te<l  ("ontjiins  muoous  sulwtanoo  or  mucin,  and  therefore  <lr)es 
not  swell  in  waim  water  or  acetic  acid,  there  lie  at  short  and  regular 
intervals  from  ono  another  numerous  cells,  which  send  out  in  all 
directions  abundantly  branched  protoplasmic  processes  and  by  means 
of  these  are  joined  to  each  other  in  a  network. 

In  the  lower  Vei-tebrates  the  gelatinous  tissue  persists  at  many 
places,  even  when  the  animals  are  fully  grown ;  in  Man  and  other 
Mammals  it  early  disappears,  being  oonvertcnl  into  two  higher  forms 
of  connet*tive  substance,  either  mto  fibrillar  connective  tissue  or  into 
cartHaginaus  tissue.     The  first-named  arises  in  the  gelatinous  matrix 
by  the  differentiation   of  connective- tissue  fibres  on  the  part  of  the 
cells,  which  are  sometimes  close  together,  sometimes  widely  scattered. 
These   fibres   consist  of   collagen   and    upon   boiling   produce   glue. 
At  first  sparsely  represented,  these  glue-producing  fibres  continually 
increase  in  volume  in  older  animals.     ThiLS  transitional  forms,  which 
are  designated  as  fretal  or  immature  connective  tissue,  lead   from 
gelatinous  tissue  to  mature  connective  tissue,  which  consists  almost 
exc'lusively  of  fibres  and  the  cells  which  have  produced  them.     This 
is  capable  of  a  great  variety  of  uses  in  the  organism,  according  as  its 
fibres  cross  one  another  in  various  directions  without  order,  or  are 
arranged  parallel  to  one  another  and  grouped  into  special  cords  and 
strands.    Thus,  in  connection  with  other  parts  derived  from  the  germ- 
layers,  it  gives  rise  to  a  grt»at  variety  of  organs.     In  some  places 
it  forms  the  foundation  for  epithelial  layers  of   great   superficial 
ext(»nt ;  together  with  them  it  produces  the  integument,  composed 
of  epidermis,  corium,  and  sul)cutaneous  connective  tissue,  and  the 
various  mucous  and  serous  membranes ;  in  others   it   unites  with 
masses  of  transversely  striped    muscle,  and  arranges   itself   under 
the  influence  of  their  traction  into  parallel  bundles  of  tense  fibres, 
furnishing   t<mdons   and   aponeuroses.      Again   at  other   places   it 
takes  the  form  of  firm  sheets  of  connective  tissue,  which  starve  for 
the  separation  or  enveloping  of  mjisses  of  nmscle,  the  intermuscular 
ligaments  and  the  fascite  of  muscles. 

Tlio  second  metamorphic  product  of  the  primary  mesenchyme, 
cai-tilage,  is  developed  in  the  following  manner  :  At  certain  places 
the  embryonic  gelatinous  tissue  acquires  as  a  result  of  proliferation  a 
greater  numl)er  of  cells,  and  the  cells  secrete  between  them  a  carti- 
laginous matrix,  chondrin.  The  parts  which  have  resulted  from 
the  process  of  chondrificiition  exa^ed  in  rigidity  to  a  considerable 
extent  the  remaining  kinds  of  snstontative  substance,  the  gelatinoas 
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and  Ihe  gtuc-prudiiciiig  intermediute  tlseue ;  they  are  sharply 
differentiated  from  their  softer  surroundings,  and  become  adapted, 
in  consequence  of  their  pet^uliiir  phymcal  propei'liw,  to  tlie  aa- 
suiiiption  of  special  fiiuftions.  Cartilage  nerves  in  pai-t  to  keep 
canals  open  (cartilage  of  the  larynx  and  bronchial  tree),  in  part 
for  the  protectiou  of  vital  organs,  around  which  they  form  a  tiiin 
envelope  (cartilaginous  cranium,  capsule  of  the  labyiinth,  vertebral 
canal,  etc.),  and  in  part  for  the  support  of  structures  pmjecting f rem 
the  surface  uf  the  body  (cartilage  of  the  limbs,  branchial  rays,  eUs.), 
At  the  same  time  they  afford  firm  points  of  attachment  for  the 
maases  of  muscle  imbedded  in  the  mesenchyme,  uetghlioriiig  partx 
of  the  muscles  entering  into  tirm  union  with  them.  In  this  manner 
there  hois  arisen  through  histological  metamorphosiH  a  difFeronbiated 
skeletal  appai-atus,  which  increases  in  complication  in  the  wime 
proportion  as  it  ucquiiT^  moi'e  manifold  relations  with  the  muscu- 
latvii-e, 

Oai'tilaginoas  and  connective  tixsnes,  linally,  are  capable  of  a 
further  histological  metamorphosis,  ants  the  lost  form  of  Hiistenta- 
tive  substani'B,  wwcoiM  tUsue,  is  developed  fi-om  them  in  connection 
with  the  secretion  of  isaltH  of  lime.  T/iere  are  llusr^ore  bones  t/tat 
Imve  arisen  from  k  cartUiu/inoue  rnatrit:  and  otiusre  /row,  one  of  ean- 
iieclive  liasue.  With  the  appearance  of  bone,  the  skeletal  apparatus 
of  Vertebrates  haa  reached  its  highest  perfection. 

Even  if  the  mesenchyme  has  by  these  processes  experienced  an 
extraoi'diniirily  high  degree  of  differentiation  and  a  great  diverwity 
of  Form,  the  histological  processes  of  differentiation  which  take  plaoe 
in  it  are  nevertheless  not  yet  oshausted.  In  the  gelatinous  or 
connective -tissue  matrix  canals  and  8paoa>  arise  in  which  blood  and 
lymph  move  in  accomplishing  their  fimction  of  intermediating  in 
the  metastiisis  of  the  organism,  not  only  conveying  the  nutritive 
lluids  to  the  individual  orgauH,  but  also  conducting  away  both  the 
snbitances  which — owing  to  the  chemicjil  proceaaes  in  the  tissues 
— have  become  useless  and  the  tuiperlhious  fluids.  Out  of  these 
fii-st  beginnings  arines  a  very  complicated  organic  apparatus.  The  ^ 
larger  cavities  constitute  art«ries  and  veins,  and  acquire  peculiarly 
constructed  thick  walls,  pi'ovided  with  non-stiiate  muscle-cells 
and  elastic  fibres,  in  which  three  different  layers  can  be  dis- 
tinguished OS  tuuioa  intima,  media,  and  adventitia,  A  small  part 
of  the  lilood-pa«sages,  especially  dicitinguished  by  an  abundance  of 
musi^le-cells,  is  converted  inUi  a  propulsive  apparatus  for  the  Quid 
- — the    heart.      llie   e] onion tary   corpuscles   that   cii'culato   in   the 
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currents  of  the  fluid,  the  blood-oells  and  lymph-cells,  demand 
renewal  the  more  frequently  the  more  complex  the  metastasis 
becomes.  This  leads  to  the  formation  of  special  breeding  places,  as 
it  were,  for  the  lymph-coqiuscles.  In  the  course  of  the  lymphatic 
vessels  and  spaces  there  takes  place  at  certain  points  in  the  con- 
nective tissue  an  especially  active  proliferation  of  cells.  The 
substance  of  the  connective-tissue  framework  assumes  here  the 
special  modification  of  reticular  or  adenoid  tissue.  The  surplus  of 
cells  produced  enters  into  the  lymphatic  current  as  it  sweeps  past. 
According  as  these  lymphoid  organs  exhibit  a  simple  or  a  complicated 
structure,  they  are  distinguished  as  solitary  or  aggregated  follicles,  as 
lymphatic  ganglia  and  spleen. 

Finally  there  are  formed  at  very  many  places  in  the  intermediate 
layer,  as  especially  in  the  whole  course  of  the  intestinal  canal, 
organic  [non-striate]  muscles. 

After  this  brief  survey  of  the  processes  of  differentiation  in  the 
intermediate  layer,  which  are  primarily  of  an  histological  nature,  I 
turn  to  the  special  history  of  the  development  of  the  organs  which 
arise  from  it,  the  blood-vessel  and  skeletal  systems. 


I.  The  Development  of  the  Blood-vessel  Sjrstem. 

The  very  first  fundament  of  the  blood-vessels  and  the  blood  has 
already  been  treated  of  in  the  firat  part  of  this  text-book.  We  will 
therefore  here  concern  ourselves  with  the  special  conditions  of  the 
vascular  system,  with  the  origin  of  the  heai-t  and  chief  blood-vessels, 
and  with  the  special  forms  which  the  circulation  presents  in  the 
various  stages  of  development,  and  wliich  are  dependent  on  the 
formation  of  the  foetal  membranes.  In  this  I  shall  treat  separately, 
both  for  the  heart  and  for  the  rest  of  the  vascular  system,  the  first 
fundamental  processes  of  development  and  the  succeeding  altera- 
tions, from  which  the  ultimate  condition  is  finally  evolved. 


A .  77ie  Jirst  DevelopiiieiiUd  CoiulUioiia  of  tJie   Vascular  SysUm, 

(a)  Of  the  llearU 

The  vascular  system  of  Vertebrates  can  l)e  referi'ed  back  to  a  very 
simple  fundamental  form — namely,  to  two  blood-vessel  trunks — of 
which  the  one  runs  above  and  the  other  below  the  intestine  in  the 
direction  of  the  longitudinal  axis  of  the  body»     The  dorsal  trunk,  the 


aorta,  Uea  in  the  iiLlafliment  of  the  doi-sal  mesentery,  by  means  of 
wliicli  the  int«stine  is  connecl«d  to  the  vertebral  column ;  the  other 
tmuk,  on  tlie  contrary,  is  imbedded  in  the  veutrnl  mesentery,  an  far, 
at  least,  an  such  a  structure  ts  ever  estEibliehed  in  tbe  Vertebrates  ;  it 
is  almost  completely  metamorphoKed  into  the  heru-t.  The  latter  is 
thei'efore  nothing  else  than  a  ptectijiarly  develoj>ed  part  of  a  main 
blood-vesael  provided  with  especi»lly  strong  muscular  walk. 

In  the  first  fundament  of  the  heart  there  ai-e  two  different  types 
to  be  dLHtinguished,  one  of  which  is  prasent  in  Selachians,  Gunaids, 
Amphibia,  and  Cyclostomes,  the  other  in  Bony  Fishes  and  the  higher 
Vertebrates— Reptilefi,  Birds,  and  Mammab. 

Ill  the  deHcription  of  the  Jint  type  1  select  ns  an  example  tbe 


I 


L 
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the  hiidy<nviCf  (imioardla-tboraclc  mvit)') ;  eiuf,  nKlocudiuiu ;  p,  pnioudiiuu  ;  v^,  tamo- 

deviilopment  of  the   heart  in   the  Amphibia,  concerning  which  a 
detailed  account  has  very  rt'cently  been  published  by  Eabl. 

In  Amphibia  the  heart  is  established  very  far  forwai-d  in  the 
embi-yonifi  body,  nnderneath  the  pharynx  or  cavity  of  the  head-gut 
(figs.  297,  298).  The  embryonic  body^cavity  {Ih)  reaches  into  this 
region,  and  in  cros^i  sections  appears  upon  both  sides  of  the  median 
plane  as  a  narrow  fist^ure.  The  lateral  halves  of  the  body-cavity  are 
separated  from  ea^h  other  by  a  ventral  mesentery  {vkg),  by  means 
of  which  the  under  surface  of  the  pharynx  in  united  with  the  wall 
of  the  body.  If  we  examine  the  veuti-al  mesentery  more  closely,  we 
observe  that  in  its  middle  the  two  mesodonuic  layers  from  which  it 
luts  beuu  developed  separate  fi-om  each  other  and  allow  a  small 
cavity  (A)  to  appeivr,    the   primitive    cardiac  cavity.     This  is  sur- 
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rounded  bj>  a  single  layer  of  cells,  which  is  afterwarda  developed 
into  the  endocardium  {end).'  Outside  of  the  latter  the  adjacent 
cells  of  the  middle  genn-laTer  are  thickened;  they  furnish  the 
material  out  of  which  the  cardiac  musculature  (the  myocardium)  and 
the  superficial  membrane  of  the  heart  (pericardiiun  viscerale)  arise. 
I'he  fundament  of  the  heart  is  attached  above  [dorsally]  to  the 
pharynx  (d)  and  below  to  the  body-wall  by  the  remnant  of  the 
mesentery,  which  persiiits  as  a  thin  membrane.  We  deidgnate  theee 
two  parts  as  the  suspensory  ligaments  of  the  heart,  an  back  [dorsal] 
and  front  [ventral]  cardiac  mesenteries  (Ujr, «%),  or  as  meeocardium 
poeteriuB  and  anterius.  At  this  time  there  ia  nothing  to  be  seen  of 
a  pericardial  sac,  unless  wo  should  designate  as  such  the  anterior 
[ventral]  region  of  the  body- 
cavity,  from  which,  as  the 
further  course  of  development 
will  show,  the  pericardium  is 
chiefly  derived. 

In  the  aeoond  type  the  heart 
arisen  from  distinct  and  widely 
separated  halves,  as  the  con- 
ditions in  the  Chick  and  the 
Babbit  most  distinctly  teach. 

In  the  Chick  the  iirst  traces 
of  the  fund:iment  may  be  de- 
monstrated at  an  early  period, 
in  embryos  with  four  to  six 
primitive  segments.  They 
appear  here  at  a  time  when 
the  various  germ-layers  are  still  spread  out  flat,  at  a  time  when  the 
front  part  of  the  embryonic  fundament  first  begins  to  be  elevated  &a 
the  small  cephulic  protuberance,  and  the  cephalic  portion  of  the  intes- 
tini'  is  still  in  the  fii-st  phases  of  development.  As  has  already  been 
Mtatoii,  the  iiilastitial  cavity  in  the  Chick  is  duvolo[>eil  by  the  folding 
together  and  fusion  of  the  intestinal  p!at«s  [splunchnopleure].  If 
one  csaminw  car<.'fully  the  ridge  of  an  intestinal  fold  in  the  very 
piiic»ss  of  l)eing  formwi  (tig.  2011  A  ilj),  one  observes  that  its  visceral 
inidiUo  liiyer  is  somewluvt  thickened,  composed  of  large  cells,  and 
H('{iarnte<l  from  the  eiUobhist  by  a  s[>i\ee  lillod  with  a  jelly-like  miitrix. 
In  the  lirttiT  there  lie  a  fi!W  Isolated  celU,  which  subsequently 
•  Itulntive  to  the  oripn  of  tile  endetbeUal  sac  of  the  heart,  eompan;  the 
observuliuns  i^ven  un  i^a^  l^B. 
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Biirronnd  a  small  cavnty,  the  primitive  canliac  ca^^ty  (/*).  Tlioso  cells 
assume  more  of  an  endothelial  ehai'acter.  Wliile  the  intestinal  folds 
gi'ow  toward  each  other,  the  two  on<1oth('lial  tul)es  become  enlarged 
and  push  the  thickened  part  of  the  visceral  middle  layer  befon*  them, 
so  that  the  latter  forms  a  low,  ridge-like  elevation  into  the  primitive 
body-cavity.  In  the  embryos  of  higher  Vertebrates  also,  just  as  in 
the  Amphibia,  this  stretches  forward  into  the  embryonic  fundament 
n^  far  ns  the  last  visceral  arch,  and  has  here  received  the  special  name 
of  neck-cavity  or  parietal  cavity. 

In  older  embryos  (fig.  299  B)  the  edges  of  the  two  folds  have  met 
in  the  median  plane,  and  consequently  the  two  cardiac  tul)es  have 
moved  close  together.  A  process  of  fusion  then  takes  place  between 
the  corresiwnding  parts  of  the  tw^o  intestinal  folds. 

Fii*st  the  entoblastic  layei's  fuse,  and  in  this  way  is  pro<luced 
(fig.  299  B)  beneath  the  chorda  dorsalLs  (ch)  the  cavity  of  the  head-gut 
(fZ),  which  then  detaches  itwelf  from  the  remaining  part  of  the  ento- 
bhust  (lig.  299  C  (lb) ;  the  latter  is  left  \ying  on  the  yolk  and  becomes 
the  yolk-sac.  Under  the  ca\ity  of  the  head-gut  the  two  cardiac 
sacs  have  come  close  together,  so  that  their  cavities  are  separated 
from  each  other  by  their  own  endothelial  walls  only.  By  the  break- 
ing through  of  these  there  soon  arises  from  them  (h)  a  single  cai*diac 
tube.  On  the  side  toward  the  body-cavity  this  is  covered  by  the 
visceral  middle  layer  (mk^),  the  cells  of  which  ai-e  tlistinguisheil  in 
the  region  of  the  fundament  of  the  heart  by  their  great  length  and 
furnish  the  material  for  the  caitliac  musculature,  while  the  inner 
endothelial  membrane  becomes  only  the  endocardium. 

The  whole  fundament  of  the  heart  lies,  as  in  the  Amphibia,  in  a 
ventral  mesentery,  the  upjwr  [dorsal]  part  of  whicrh,  extending  from 
the  heart  to  the  head-gut  (fig.  299  C  +),  can  here  also  be  calle<l  tlie 
dorsiil  suspensory  of  the  heart  or  mesocardium  p(xstorius,  and  the 
lower  [ventral]  part  (*)  mesocardium  anterius.  In  the  Chick,  when 
the  cardiiic  tul)0  begins  to  be  elongated  and  bent  into  an  S-shaped 
form,  the  mesocardium  anterius  quickly  disappears. 

Similar  conditions  are  furnished  by  cross  sections  through  Bahhit 
emhri/08  8  or  9  ilays  old.  In  the  latter  the  paired  fundaments  of  the 
heart  are  indeed  developed  still  earlier  and  more  distinctly  than  in  the 
Cliick,  even  at  a  time  when  the  entoderm  is  still  spread  out  flat  and 
has  not  yet  begim  to  Ix)  infolded.  Upon  ci-oss  sections  one  sees 
(fig.  301),  in  a  small  region  at  some  distance  from  the  median  plane, 
the  splanchnopleuro  separated  from  the  somatopleuro  by  a  small 
fissure  (p/t)y  which  ia  the  frent  end  of  the  primitive  Ixxly-cavity.     At 
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this  place  the  viwerAl  miilille  layer  (a/iJi)  is  also  raised  up  eomewhat  j 
from  the  entoderm  (aie),  so  thjit  it  caiwpn  a  projection  into  the  body-  I 
cavity  ( p/i).  Here  there  is  developed  between  the  two  layers  a  small  I 
cavity,  which  is  surrounded  by  an  endothelial  membi-ane  (I'AA),  the  I 
primitive  cardiac  wic.  At  their  firxt  appeamnoe  the  balven  of  ths  I 
heart  lie  very  far  apart.  Tliey  are  to  he  seen  botli  in  the  very  J 
slightly  magnilied  cross  section  (fig.  300)  and  also  in  the  surface  view  -J 
of  an  embryo  Rabbit  (fig,  302)  at  the  place  indicated  by  A.     They;  | 


jo»o:  mp,  iu«lnlliii>  |il»lii;  rB,  niBdullMj  ridge:  *,  oaler  gorni-b. 
■anu-Iwm :  M,  IMdianUl  thialiEnliig ;  ip,  undiriilnt  miildle  Ujin  i  Aji,  inrlitidi 
[jtL  middla  l4f«T ;  py,  pnkjirLllHl  putt  ot  the  body-onvity  ;  oAh,  moaculu-  mUl  of 
.:  Uii,  BndothnlUI  lnjii  u'  th<  himrt-,  hi,  Uunl  uudlildnl  jisitnr  Oks  mi 
',  IntminaJ  fold,  from  wliivb  tlw  iiinlnl  wall  ot  Uis  pliuTDi  ig  tomiad. 
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afterwards  move  toward  each  other  in  the  same  manner  as  in  the 
Chick  by  the  infolding  of  the  nplanchnopleure,  and  come  to  lie  c 
the  under  side  of  the  liead-gnt,  where  they  fuse  and  are  temporarily 
attached  above  and  below  by  means  of  a  dorsal  and  ventral  mesentery. 
Concerning  the  processes  of  development  jttst  sketched  the  question 
may  be  raised  :  What  relation  do  the  paired  and  the  unpaired  fundA- 
ments  of  the  heart  sustain  to  each  other  I  It  is  to  be  answered  to 
this,  that  the  unpaired  fwndament  of  the  Iteart,  which  is  prueiU  in  the 
lower  Vertehralea,  is  to  be  regarded  as  the  iiriijinal  fonn.     The  dotihte 
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('')  The,  First  DevcUipineiUal  Vonditimu  of  (/(«  Lar</e  Vetxls,    ViteUina 
Circulation,  Allantoic  and  Plactnlal  Circulation. 

At  both  endM,  in  Front  iiud  behind,  the  Iteurt  is  coDtiauouH  with 
tlie  trunku  of  blood- vesnels,  which  have  lieen  eetablisheil  nt  the  sa.me 
time  with  il.  The  anterior  or  arterial  end  of  the  cardiac  tube  i« 
elougnttid  into  an  unpnired  veacwl,  the  tricncug  arteriosus,  which  con- 
tinues the  forwttr*!  course  under  the  hoail-giit,  and  is  divided  in  the 
r^on  of  the  lirst  viscera]  arch  into  two  arms,  which  embrEice  the 
bead-gut  un  the  right  and  left  and  a«cend  within  the  arch  to  the 
doitiiU  surface  uf  the  embryo.  Here  they  bond  around  and  run  bnt^k- 
ward  in  the  longitudinal  axis  of  the  body  to  the  tail-end.  Theoe 
two  veesela  are  the  primitive  aortff  {tigs.  107,  llfi  ao);  they  taks 
their  counw  on  either  aide  of  the  chorda  dorsalis,  above  the  entoderm. 
and  below  the  primitive  segments.  They  give  off  lateral  branches, 
among  which  tlie  arteriie  omphalomeaenieriae  are  in  the  Amniota 
difitiugimhed  by  their  great  siiw.  These  betake  themselveB  to  the 
yolk-sac  and  conduct  the  greatest  portion  of  the  blood  from  the  two 
primitive  aorto^  into  the  area  vasculoaa,  where  it  goes  through  the 
vitelline  circulation. 

In  the  Chick,  the  conditions  of  which  form  the  basis  of  the  following 
account  {fig.  303),  the  two  vitelline  arteries  {N.O/.A,  L.O/.A)  quit 
the  aorbeatsome  distance  fi-om  their  tuil-onils,  and  pa^s  out  taterally 
from  the  embryonic  fundament  between  entoderm  and  visceral  middle 
layer  into  the  area  pf  llucida,  traverse  the  latter,  and  di>itribut«  them- 
selves in  the  vascular  area.  They  are  here  resolved  into  a  fine  net- 
work of  vessels,  which  lie,  sie  a  cross  section  (fig.  IIG)  shows,  in  the 
mesenchyme  between  the  entoderm  and  the  visceral  middle  layer, 
and  which  are  jiliurpty  bounded  at  their  outer  edge  {toward  the 
vitelline  area}  by  a  large  marginal  vessel  (fig.  SOiS.T),  the  sinus  tcr- 
miniiliB.  The  latter  forms  a  ring  which  is  everywhere  closed,  with 
the  exception  of  a  small  region  which  lies  in  front,  at  the  place 
whei-e  the  anterior  amniotic  sheath  has  been  develojwd. 

Fi-om  the  vuscular  area  the  blood  i»  collected  into  several  large 
venous  trunks,  by  means  of  which  it  ix  conducted  back  to  the  heart. 
From  the  fi-out  part  of  the  marginal  ainua  it  retunm  in  the  two 
veiix  viteUinct  aiUeriorea,  which  riui  in  a  straight  line  from  iu 
fi-oiit  luLckwiiriLs  and  fihio  re<:eive  luterul  biiiuchcti  from  the  vascular 
network.  From  the  hind  [lart  of  the  sinus  tenuiiialis  the  blood  is 
taken  up  by  the  vene  vitellinu  posteriores,  of  which  the  one  of  the 
left  side  is  larger  than  the  one  of  tho  right;  the  latter  afterwards 


960 

degenemtea  mora  aud  more.  FVum  tbe  tiides  likewii«  there  oome 
still  lar^r  collecting  vmsolt',  the  veiue  vitellintc  lalemles.  AU 
tbe  ritelline  veins  of  eitliei-  side  now  unite  in  the  middle  uf  tl» 
embryonic  body   to  form    a  single  Im-ge  trunk,  tbe  vena  omj^tuU>~ 
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i/i*j(i»i/ffTC«  (/?.(>/■  Hnd  /..Of),  which  pnters  tbe  posterior  end  of  tbe 
heart  (If). 

The  vuition  of  t/tfl  (Awti  begbiB  to  be  visible  in  the  case  of  tbe 
Chick  an  early  an  the  second  day  of  incubation.  At  thin  time 
tlie   blood    is   still   ii  clear  fluid,  which  contaimi  only  few  formed 
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compoaentB.  Fur  the  moat  of  the  blood-oorpiucletj  still  continue  to 
lie  in  groups  on  the  walla  of  the  tubes,  where  they  oonstitiite  the 
previously  descrilwd  hlood-hlands  (fig.  114),  which  cause  the  i«d- 
betiprinkled  appearance  of  the  vascular  area.  7'he  anitracHwta  of 
the  heart,  by  wiiich  the  blood  is  Bet  in  motion,  are  ftt  first  (slow  and 
then  become  moi-e  a.nd  more  rapid.  On  the  avei'age,  according  to 
Paster,  theatrokee  then  nmount  to  130 — 150  per  minute,  How- 
ever, the  frequency  of  puLiations  is  Inrgely  dependent  upon  external 
influences;  it  increases  with  the  elevation  of  the  tempei-ature  of 
incubation  and  diminislies  at  every  depression  of  it,  as  well  as  when 
the  egg  IK  opened  for  study.  At  the  time  when  the  lieart  begins  to 
pidsate,  no  muscie-fibrillie  have  been  demonstrated  in  the  myocar- 
dium ;  from  this  results  the  interesting  fa(;t  that  purely  proto- 
plasmic, still  undifferentiated  cells  are  in  a  condition  to  make  strung 
rhythmical  contractions. 

At  the  end  of  the  third  or  fourth  day  the  vitelline  circulation 
in  the  Chick  is  at  ita  highest  development ;  it  has  undergone  some 
alight  changes.  We  find  instead  of  a  single  vascular  network  a 
double  one,  an  arterial  and  a  venous.  The  artei-iitl  network,  which 
receiver  the  blood  from  the  vitelline  arteries,  lies  deeper,  nearer  to  the 
yolk,  while  the  venous  spreodH  itself  out  above  the  former  and  is 
adjacent  to  the  visceral  middle  layer.  The  circulatuig  blood  is 
distinguished  by  the  abundance  of  its  blood-corpuscles,  the  blood- 
islauds  having  entirely  disappeiii'ed. 

The  /mtciion  of  tim  viUUine  eireulalio/t  is  twofold.  First  it  serves 
Uj  provide  the  blood  with  oxygen,  opportunity  for  acquiring  which 
is  affoi'ded  by  the  whole  vascular  network  being  spread  out 
at  the  Burfoi-e  of  the  egg.  Secondly  it  serves  to  biing  natritive 
substances  to  the  embryo.  The  yolk -elements  below  the  eutvblasl 
are  disassociated,  liquefied,  and  taken  up  into  the  blood- veeseU,  by 
which  they  are  cai-ried  to  the  embryo,  where  tliey  serve  as  nutrition 
for  the  rapidly  dividing  cells.  Thus  far  the  embryonic  body 
inci'ease«  in  size  at  the  ex|)ense  of  the  yolk-material  in  the  yolk- 
sac,  which  becomes  liquefied  and  absorbed. 

The  system  of  vitelline  blood-vessels  in  Mammals  agrees  in  general 
with  that  of  the  Uhick,  and  is  distinguished  from  the  latter  only  in 
some  unimfKji'tant  iniinbi,  which  do  not  need  to  be  discussed.  Uow- 
I'ver,  this  question  certainly  arises  ■  Wliat  signilicaLiun  has  a 
vit«lline  circulation  in  Mammals  (lig,  13i  ds)  in  which  the  egg  is 
furnished  with  only  a  small  amount  of  yolk-mat«rial  1 

Two  things  are  here  to  be  kept  in  mind ;  first,  that  the  eggs  of 
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Mammals  were  originally  provided  with  abundant  yolk -material,  like 
those  <^  Reptiles  (compare  p.  222),  and,  secondly,  that  the  blasto- 
dermic vesicle,  which  arises  after  the  process  of  cleavage,  becomes 
greatly  distended  by  the  accumulation  within  it  of  a  fluid  very  rich 
in  albumen,  furnished  by  the  walls  of  the  uterus.  Out  of  this  vesicle 
likewise  the  vitelline  blood-vesseb  undoubtedly  take  up  nutritive 
material  and  convey  it  to  the  embryo,  until  a  more  ample  nutrition 
is  provided  by  means  of  the  placenta. 

In  addition  to  the  vitelline  blood-vessels  there  aiises  in  the  higher 
Vertebrates  a  second  system  of  vessels^  which  is  disirilnUed  in  the 
fatUd  membranes  outside  the  embryo  and  for  a  time  is  more  developed 
than  the  remaining  vessels  of  the  embryo.  It  serves  for  the 
allanioic  circulation  of  Birds  and  Reptiles  and  the  plaoerUal  circu- 
lation of  Mammals. 

When  in  the  Chick  the  allantois  (PI.  I.,  fig.  5  a/)  is  evaginated 
from  the  front  [ventral]  wall  of  the  hind-gut,  and  as  an  ever 
increasing  sac  soon  grows  out  of  the  body-cavity  through  the  dermal 
umbilicus  into  the  coclom  of  the  blastodermic  vesicle  between  the 
serosa  and  the  yolk-sac,  there  appear  in  its  walls  two  blood-vessels, 
which  grow  forth  from  the  ends  of  the  two  primitive  aortse — ike 
umbilical  vessels^  or  arteries  utnbilicales.  The  blood  is  again  collected 
from  the  fine  capillary  network,  into  which  these  vessels  have  been 
resolved,  into  the  two  umbilical  retW  ( vense  ^  umbilicales),  which, 
after  having  arrived  at  the  navel,  pass  on  to  the  two  Cuvieriiin 
ducts  (see  p.  577)  and  pour  their  blood  into  these  near  the  entrance 
of  the  latter  into  the  sinus  venosus.  The  terminal  ^mrt  of  the 
right  vein  soon  atrophies,  whereas  the  le/l  receives  the  lateral 
branches  of  the  right  side  and  is  correspondingly  developed  into  a 
larger  trunk.  This  now  also  loses  its  original  connection  with  the 
ductus  Cuvieri,  since  it  effects  with  the  left  hepatic  vein  (vena 
hepatica  revehens)  an  anastomosis,  which  continually  becomes  larger 
and  finally  carries  the  whole  stream  of  blood.  Together  with  the  left 
hepatic  vein  the  left  umbilical  vein  then  empties  dii'eetly  into  the 
sinus  venosus  at  the  posterior  margin  of  the  liver  (Hocustetter). 

The  umbilical  and  vitelline  veins  undergo  opposite  changes  in 
calibre  during  development:  while  the  vitelline  circulation  is  well 
develoiMxl,  the  um]>ilical  veins  are  inconspicuous  stems ;  afterwards, 
however,  with  the  increase  in  the  size  of  the  allantois  they  enlarge, 
whereas  the  vens  omjtlialomesenterica;  undergo  degeneration  and  in 
the  same  pro|)ortiou  as  the  yolk-sac  by  the  absorption  of  the  yolk 
becomes  fonalk  r  and  loses  in  significance. 


THB  OnfiANB  OF  THE    INTEBMRDIATE    I.AVEIt  OR    UEBENrilVME.   S;i3 

So  fnr  as  regards  the  pttrpott  of  the  umhilieal  eirmUitlimi,  it 
siibmrveM  in  Reptiles  and  Birds  the/unclion  of  7-etpirnlion.  Pop  the 
allantoic,  when  it  has  become  larger,  in  the  Chick  for  exnmple, 
applies  itaelf  closely  to  the  seroM  and  sprefids  itself  out  in  the 
vicinity  of  the  air-chamber  and  undemeiith  the  ahell,  so  that  the 
blood  circulating  in  it  can  enter  into  an  exchange  of  goseti  with  the 
atmoepheric  ab-.  It  lo8e»  itis  importniice  for  respiration  in  the  egg 
only  at  the  moment  when  the  Chick  with  its  beak  breaks  tbrougli 
the  surrounding  embryonic  membraneo,  iinil  bi-eathes  directly  the  air 
contained  in  the  air-chamber.  For  the  conditions  of  the  circulation 
are  now  altered  throughout  the  whole  body,  since  with  the  begin- 
ning of  the  proceHH  of  renpiratiou  the  lungs  are  in  a  condition  t«  take 
up  a  greater  quantity  of  blood,  resulting  in  n  degeneration  of  the 
umbilical  vessels  (compai'e  also  p.  584). 

The  umhilieal  or  pkuxaial  circulation  in  MavaiiaU  (fig.  139  Al) 
plays  a  titill  more  imtxirtant  role ;  for  here  the  two  umbilical 
arteries  convey  the  blixHl  to  the  plai'euta.  After  the  blood  ha« 
been  laden  in  thiH  organ  with  oxygen  and  nutritive  suhsLances,  it 
flows  back  again  to  the  heiirt,  at  first  through  two,  afterwards 
through  a  single  umHliciil  vt.'in  (p.  584). 


li.  The  further  Develo/mieTU  of  t/ie   VaecuJitr  S'juUin  ti;;  to  ihe 
Mature  Condition. 

(a)  The  Metamoiylioaia  of  (Ac  Tuhitar  Heart  inU>  ii  tfoiit 
with  Vhavthara. 

Ah  has  been  ishown  iu  a  preceding  inaction,  the  heart  of  a  Verte- 
bniU)  originally  has  for  a  short  time  the  form  of  a  straight  sic,  wliieli 
sends  off  at  its  anterior  end  the  two  primitive  aoitii;  arches,  while  it 
J'eceivea  at  its  poeteiior  end  the  two  omphalomesenteric  veins.  The 
sac  lies  far  forward  immediately  behind  the  head  on  the  ventral  ^de 
of  the  neck  (lig.  304  A),  in  a  prolongation  of  the  boily-cavity  (the 
piriotal  or  cen-ical  cavity).  It  \n  here  attached  by  means  of  a 
mesentery  of  only  brief  dumtion,  which  atretchen  from  the  alimentary 
canal  to  the  ventral  wall  of  the  tliruat,  and  which  is  divided  by 
the  cardiac  sac  itself  into  an  upper  [dorsal]  and  an  tinder  part,  or 
mc^wcardiiuu  postering  and  antenuM. 

During  the  lirKt  period  of  embryonic  devi'lopment  the  heart  is 
diHtiuguished  by  a  vei-y  mnsidei'able  growth,  esfiecially  iu  the  longi- 
tudinal direction;  (.■ousoquwitly  it  «oon  cwtseti  to  fiud  the  Mecesaury 
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room  for  itself  iw  ii  rttntight  hoc,  nnd  Is  tbeivfore  compelled  to  bend 
ituelf  into  iLii  S-thapeil  loop  (lig.  301).  It  then  takes  sncli  a  position 
in  tho  nwk  tliut  one  of  the  liends  of  the  8,  which  recmvea  the 
vitelline  veins  or,  let  us  uay  briefly,  the  venous  portion,  oomee  to  lie 
behind  and  at  the  left ;  the  other  or  aiiierial  portion,  which  sendti 
off  the  tiortic  arches,  in  front  iin<l  at  the  right  (fig.  305). 

But  thin  initial  position  'm  buod  altered  (figu.  305,  313)  by  the  two 
curves  of  the  S  luanmiiig  another 
i-elation  to  each  other.  Tba  venous 
poi-tion  moves  hendwards,  the  arterial, 
on  the  contnuy,  in  the  oppoeite  direc- 
tion, until  )x)tli  lie  ap[noziinately  in 
the  Kamt;  tmnHveiite  plane.  At  the 
sitnie  time  they  liecomo  turned  axouiid 
the  longitudinal  axis  of  the  embryo, 
the  venous  loop  moving  dorsally,  the 
arterial,  on  the  contraiy,  veut«Jlj. 
Seen  from  in  front  [vential  aspect] 
one  hideH  tho  other,  ho  that  it  is  only 
in  a  Hide  vlrw  that  the  S«haped  cur- 
vitture  of  tho  cardiac  sac  is  distinctly 
recngnisiiblc. 

Hy  tho  iricroiiKo  in  the  siie  of  tliis 

viseiiH  the  iinterior  jiart  of  tho  l>ody- 

ciivity  is  Hlrwidy  greatly  distt'iulod,  imd 

becomes  still  luoro  so  iu  later  stiigi.'S, 

whun  thcreis  produced  a  very  thin-walle<l 

elevation,  that  projects  out  to  a  gi-ent 

distance  (figs.  157  A,  314).     Innsmui-h 

ii»  the  heai-t  coiiiplutoly  fills  the  cavity, 

I'M,  iqriniii  c>ni;  j'.uitvriin- nail      and  is  covoi'od   in   by  only  the  thin, 

fu™^o«ni'iHiii' "'*'"''"' '"      trauspit rent, and  cloMely  iipplied  wall  of 

the   trunk, — the   mi-uibrana    reui liens 

inferior  of  Ratiikb, — it  ii]>{>earH  itK  thuii(;h  at  tlii^  time  the  heait 

wei-c  hn-iited  entii-ely  out^idit  of  the  liody  of  thu  eiiibrjo. 

AfU'r  the  completion  of  the  twinting,  there  is  Gtl'oet(.Hl  a  division  of 
tho  H-slia]>oiI  NIC  into  Hevorid  sncce»dvo  conipirtnientK  (figs.  30ti,  3t)S). 
The  venous  portiun,  which  hits  liwsiiiie  bi-uiicler,  iind  tlw^  ai-teiial  pitrt 
are  M^piirated  from  each  other  by  a  deep  c<lIl^trictitln  {ok)  and  tan  now 
be  distinguished  as  atriwn  (vh)  and  ventricle,  while  the  cont^tricted 
region  between  the  two  may  be  indicated,  by  a  designation  introduct'd 


Th«  bnlii  ia  .l(vi<lt.l  liitii  i  vcwl'Im 
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by  Hali.er,  Ob  auricular  oaauil  {ok).  The  abriuiu  thereby  ocquirv.s  a, 
striking  form,  Btnte  its  two  Iatt;m]  walls  develop  large  out-pockt-tinga 
{ho),  the  (lurtWea  of  the  /itart  (auiiculie  cordis) ;  tho  free  edges  of 
the  Irttter,  which  in  additiou  soon  aciiuire  notubes,  m-e  turned  for- 
ward, and  subsequently  enfold  more  and  more  the  arterial  piirt  of  the 
heart,  the  tnmcua  arterioauH  {Ta),  and  a  part  of  the  surface  of  the 
ventricle. 

The  auricular  canal  (tig.  308  ok)  is  in  embryos  a  well- distinguished 
nurrowed  pliu«  in  the  cardiac  tube.  Owing  to  the  great  flattening 
of  its  endothelial  tube  in  the  sagittal    direction, — its  walls  almost 


coming  into  contact,— the  paHsage  between  atrium  and  ventricle  is 
reduced  to  a  min-ow  transverse  fissure.  It  is  here  that  the  atrio- 
ventricular valvet  are  afterwards  developed. 

The  fundament  of  the  ventricle  at  first  presents  the  form  of  a 
curved  tube  (tigs.  305,  306  k),  which  however  soon  changes  its  form. 
For  at  a  veryearly  period  there  is  observable  on  it«  anterior  [ventral] 
and  posterior  surfacfs  a  diallow  furrow  running  from  above  down- 
wai'd,  the  gulciis  interventricularis  (fig.  307  »<),  which  allows  a.  loft 
and  a  right  half  of  the  ventricle  to  be  distinguished  ex(*rnally.  The 
latter  is  the  narrower,  and  is  continued  upward  into  the  tnincua 
ai-teriimiis  (if'a),  the  beginning  of  which  is  sumewliat  eularged  and 
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deeigiiat^d  an  bulhuH.  Between  hiilbus  aud  vontride  \ie^  *  plu 
that  is  only  slightly  constricteJ,  ejilled  the  fretum  IlaUeri ;  it  i 
recogiuKed  even  by  the  older  imatomiirta,  then  remained  for  a  tin 
little  regai-ded,  and  now  ha«  been  ugain  described  as  not«woa'thy  \ 
lIiB.  For  it  Diai'ks  the  ploee  at  which  subwiqubnlly  the  eeniiluiu 
vnlve8  are  mtablished. 

Dui-itig  the  externally  vudble  changes  of  form,  some  alteratv 
are  also  progreasing  in  the  finer  structure  of  thp  wbIIh  of  the  hea 
Ah  previously  remarked,  the  fundameul  of  the  heai't  consistA  ii 
beginning  of  two  >aux,  one  within  the  other — an  inner  endotbeliai 
tube  lined  with  flat  cells,  and  an  outer  musculnr  sac  coimisting  of  o 
with  abundant  prot^^lni 
and  derived  from  thM 
middle  germ -layer.  Thi 
two  are  completely  i 
fated  from  ench  other  bn 
II  imnsidfrable  spooe,  whid 
is  probably  filled  with  geta 
'  tiiious  EubHtance, 

The  ewlothetial  tuht  is  in 
general  a  tolerably  faitliftil 
copy  of  the  niusuuhir  aac, 
yet  the  narrower  and  wider 
i-egioua  are  more  sharply 
marked  olf  from  one  an- 
other in  the  former  than 
in  the  latter  ;  "  as  regards 
■iiricio  lit  ui.  hiwrt.  its  form,  it  sustains  such  a 

relation  to  the  whole  tieart 
as  it  would  if  it  were  a  greatly  shrivelled,  inteninl  caMr  of  it  "  (His), 
In  the  miitowlar  »ae  distinct  traces  of  muscle-fibree  can  be  recog- 
nised even  at  the  time  when  the  ^-shaped  i/urvature  makes  its 
appearance.  At  later  stages  in  the  developuietit  dilferenres  api^ear 
Iwtweeii  atriiiui  and  ventricle.  In  thi'  atrium  the  miisculiir  wall  is 
uniformly  thickened  into  a  compact  plate,  with  the  inside  of  which  thi' 
endothelial  tube  is  in  immediate  contact.  In  the  ventincle,  on  the 
contrary,  there  occuis  a  loosening,  as  it  wei-e,  of  the  muscular  wall. 
There  aitr  fnrmeil  iiiimeroiie  small  trahcciilic  of  miisculiir  coIIh,  which 
piTiject  into  the  pi-eviousiy  mentioned  simi*  between  the  two  mbcs  and 
become  united  to  one  another,  forming  a  large -meslied  network  (fig. 
311  J).     Tlie  endothelial  tube  of  the  heart,  by  forming  out- pooketingH, 
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sooD  comeM  into  intimate  contact  with  the  trabeculm,  And  envelops 
each  one  of  thfim  with  a  special  covering  (His).  ThuH  there  ariae 
111  the  spongy  will]  iif  the  ventricle  nimieroiis  spaces  lined  with 
cndothi'liiiin,  n'hicli  tiiwaril  the  surface  uf  the  heart  end  bhndly,  but 
wliich  commiiuicati^  wil.h  ttie  central  cavity  luid  like  this  receive  intu 
them  the  xtreum  of  blood, 

The  embryonic  heai-t  of  Man  and  Mammals  I'eHemblcK  in  its  first 
condition — that  which  has  been  deacril>ed  up  to  this  point — the  heart 
of  the  lowest  Vertebrates,  the  Fishes.  In  the  former  as  in  the 
latter  it  consiNbi  of  a  region,  the  atrium,  which  receives  the  venous 
blood  from  the  body,  and  of  another,  the  ventricle,  which  drives  the 
blood  into  the  arteiial  veeseli^.  Corresponding  to  this  condition  of 
the  heurt,  the  wMe  circulation  in  embryos  of  thia  stage  and  in  Flthes 
is  still  a  simjile  and  a  aiiu/ln  one.  This  becomes  changed  id  the 
evolution  of  'Vert«brates,  as  in  the  embryonic  life  of  the  individunl, 
with  lAe  dei>elopment  of  the  luwja,  upon  the  ii/^iearance  of  which  a 
doubling  of  the  heart  and  of  Un  blood-eireulatitni  is  introdwxd. 

The  cause  of  such  a  change  is  clear,  from  the  topoffraphieal  relation 
of  the  Ifo  luiige  to  the  /learl,  the  former  arising  ia  the  immediate 
vicinity  of  the  heoi-t  by  evagination  of  the  fore-gut  (fig.  314  Ig). 
The  lungs  therefore  receive  their  blood  from  an  arterial  stem  lying 
very  near  the  heart,  from  the  fifth  [sixth]  pan-  of  aoi-tic  arches  that 
arise  from  the  truncus  arteriosus.  Similarly  they  give  back  again  the 
venous  pulmonary  blood  directly  to  the  heart  through  short  Btems, 
the  pulmonary  veins,  which,  originally  united  into  a  single  collecting 
trunk  (Born,  Rose),  open  into  the  atrium  at  the  left  of  the  great 
venous  tninks.  Therefore  the  hlood  that  Jlmce  directli/  out  of  the  heart 
into  t]iB  lungs  aim  jlowa  direetl;/  back  again  to  the  heart.  Herein  ia 
furnished  tlie  prereijui^'te  for  a  •louhU  cireukUion.  Thie  cornea  into 
eeiateiux  when  tJie  ptdvunutrj/  ami  the  body  currente  are  separated  from 
each  oilier  by  vteans  of  partitions  throughoul  llie  short  course  of  the 
vaecvlar  system  ichich  bot/i  traverx  in  common  (viz.,  atrium,  ventilcle. 
and  truncus  urtoriosus). 

The  proceNt  of  separation  begins  in  the  vertebrate  phylum  with  the 
Dipnoi  and  Amphibia,  in  which  pulmonary  respiration  appears  for 
the  firat  time  and  supplants  bronchial  respiration.  In  the  amniotic 
Vertebrates  it  is  accomplished  during  their  embryonic  development. 
Therefore  we  now  have  to  follow  out  further  the  manner  in  which, 
in  the  case  of  Mammals  and  especially  of  Man,  according  to  the 
recent  investigations  of  His,  Born,  and  Robe,  the  partitions  are 
formeil — how  atrium  and  ventricle  are  each  divided  into  right  and 
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left  compnrtraeintR,  ani]    the   tnincus   tirterioBiiB  into  i 

monnliH  and  anrtH,  and  how  in  thja  way  the  heart  nttnins  it«  defimtsfl 

The  pitrtitiona  arise  independoiilly  in  eacli  of  the  thi-ee  divisioiD 
of  the  heart  tueiitioned. 

Let  IIS  first  tnks  into  consideration  the  atrium,  which  is  for  J 
time   t)ie   largest   and   most  capacious   region    of   the   cai'diac   i 
(fig.  308),     In  Man  a  separation  into  left  and  right  halves  (Iv  and  t*l»)ii>1 
is  ohservable  even  in  the  fourth  week,  since  thei*  is  then  fonned'T 
on  its  hinder  [dorsal]  an^'fl 
upper  wall  a  perpendicidar 
projection  inward,  the  fint' 
trace  of  the  atrial  partition 
(m)  or  septum  atriorunt. 

The  halves  are  even  now 
<listingiii.shed  by  the  fact 
that  they  receive  different 
venous  trunks,  The  vitel- 
line and  umhilicftl  veins, 
as  well  as  the  Ouvierian 
ducts  to  be  discussed  later, 
empty  their  blood  bito  the 
right  compartment,  not 
dii-ectly,  however,  and  by 
means  of  separate  orifices, 
but  after  they  have  united 
i^^nuionnf  Uit  vonirkin;  11- luft.H-,  light 'on-  ^^■'"'  °"^  another  in  the 
iTioi«;  oj-,  ouricuiAr  ™ri»L ;  (.-.  icfi,  n,  tigbi      vicinity    of    the    heart    to 

prtrauiii,  BuHK):  •  EniitiichUii  mitij ; /'".lepiuin      («r)— the  sinns  venoHUB  or 
'  s.  reimiens.     This  is  imme- 

diately adjacent  to  the  atrium  and  communicates  with  it  by 
of  a  large  opening  in  its  posterior  [dorsal]  wall,  wliich  is  flanked  qq,^ 
the  right  and  on  the  left  by  a.  large  venons  valve  (•),  Only  ooe 
small  vessel,  which  traverses  the  musculature  of  the  heart  obliquely, 
opens,  near  the  atrial  partition,  into  the  left  compartment ;  it  is 
the  previously  mentioned  unpaired  pulmonaiy  vein,  which  is  formed 
immediately  outside  the  atrium  by  the  union  of  four  branohes, 
of  which  come  from  each  of  the  two  wingn  of  the  luug  now 
established. 

In  the  furlher  course  of  development  the  atrial  partition 


BHk  mguDrtmut :  poitniot  [dorulj  hilT  at  tba 
hHTt,  th*  front  will*  oT  vhkh  bun  baoi  noBiind. 
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from  nixive  downward  unt.il  it  rtwclies  tlie  miiliUe  of  the  Btviiil  cnnal 
(fig,  30!)  jm).  In  this  miinner  two  t'omiiloteiy  KP[>nriit<^i)  ntrin  woul'l 
have  como  into  existence  at  iv  vory  eiirly  peciod,  if  there  had  not 
lieen  formed  in  the  upper  part  of  the  pai-tition,  while  it  wan  etill 
growing  downward,  an  opening,  the  futuKi  foi-amen  oviile,  which 
DinintainH  a  connection  between  the  two  chnmber!:  (fig.  309)  up  to 
the  time  of  birth.  The  qwning  has  arisen  either  from  the  septum 
atrionim  having  become  thin  and  having  broken  through  at  a 
certftin  region,  or  from  itt  having  been  incomplete  at  thia  place 
from  the  very  beginning,  aa  is  the  case  with  iho  Chick  for  example, 
where  it  ix  traversed 
by  nameiouB  small 
orificeij.  Afterwards 
the  foramen  ovale, 
adapting  itself  to 
the  coaditions  of  the 
circulation  existing 
at  the  time,  bBComes 
still  larger. 

The  downgrowth 
of  the  atrial  parti- 
tion has,  moreover, 
the  immediate  result 
of  separating  the  au- 
ricular canal  into  the 
left  and  right  atrio- 
ventricular     orifices 

(compare  fie.  308   ok  »i"'l»n» :  ".  "tin!  |«iill™  (.Utal  enunl,  l[» ;  ■■ptun. 

>  '^  °  Bwondnm,  Bobs);  Pi,  »eirtnm  spnriiim ;  *  Biii'mhlmi 

with  fig.  309).     The  ,^t.. 

auricular  canal,  even 

veiy  soon  sfter  its  formation,  undet^oeJt  important  alterations 
both  from  without  and  within.  At  first  visible  from  the  out- 
tade  (fig.  308  ok),  it  afterwards  di)iappears  from  view  (fig.  309) 
by  being  in  a  manner  overgrown  on  all  aides  by  the  ventricle, 
and  thereby  incorporated  in  its  walls,  which  enlarge  upward  and, 
in  comiequence  of  a  vigorous  growth  of  the  musculature,  acquire  con- 
sidemblo  thickness.  The  opening  of  the  atrial  canal  into  the  ven- 
tricle, or  the  foramen  atrioventriculare  commune  (fig,  .110  A  F.av.e), 
now  hiis  the  form  of  a  iissui'e  extentUng  from  left  to  right,  which 
Ls  bounded  on  either  side  by  two  ridge-like  lips  (o.ek  and  w.wt) — 
the  atrioventricular  lipi  of  Lindes.  or  the  endotlielial  cushions  of 


if.  aOS. — Foatehar  [doruLl]  b&lf  af 

amtjyn  of  tha  flftiiwHk,  euLd^en,  ofur  II  i 

I.  Vantriculu  punlUui ;  »,  lefl,  rt,  liKbt  v«dl 
IpoaUriurjpritlotUieiitrJjilpiirUUiiB  (■ptoB 
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Schmidt.  The  ridges  have  arisen  from  a  growth  of  the  endocardium, 
and  consist  of  a  gelatinous  connective  substance  and  an  endothelial 
investment.  The  atrial  partition,  when  it  has  grown  down  to  the 
auricular  canal,  soon  fuses  along  its  free  lower  margin  with  these 
lips  (fig.  309  si) ;  the  auricular  canal  is  thereby  divided  into  a  left 
and  a  right  atrioventricular  opening, — ostium  atrioventriculare 
sinistrum  and  dextrum  (fig.  310  B  F,av,8  and  F,av.d)^ — and  at 
the  same  time  both  the  dorsal  and  ventral  endocardial  ridges,  which 
originally  bound  the  opening,  are  divided  in  the  middle  {o,ek  and  u,ek). 
The  dorsal  components  soon  fuse  with  the  corresponding  pieces  of 
the  opposite  [ventral]  side,  and  thus  there  arise  at  the  lower  margin 
of  the  atiial  partition  (fig.  309  st)  two  new  ridges,— one  of  which 
projects  into  the  left,  the  other  into  the  right  atrioventricular 
opening, — which  furnish  the  foundation  of  the  median  cuspidate 
valves. 

The  development  of  the  atrial  paHition  and  the  division  of  the 
auricular  canal  into  the  two  atrioventricular  openings  are  closely 
related  processes,  the  former  being  the  cause  of  the  latter.  This 
is  clearly  proved  by  pathological -anatomical  conditions  of  arrested 
development  of  the  heart.  In  all  cases  in  which  the  formation  of 
the  atrial  partition  has  been  for  any  reason  whatever  interrupted 
and  the  lower  part  of  it  has  been  altogether  wanting,  there  has 
always  been  only  one  atrioventricular  opening  (an  ostium  venosum 
commune)  present  (Arnold). 

Before  we  progress  further  in  the  history  of  the  development  of 
the  atrium,  we  must  add  an  account  of  the  metamorphoses  which 
have  taken  place  meanwhile  in  the  territory  of  the  ventricle  and 
truncus  arteriosus. 

The  ventricle  begins  to  acquire  its  partition  not  much  later  than 
the  atrium.  By  the  end  of  the  first  month  its  musculature  has 
become  considerably  thickened  (fig.  311  A),  Muscular  trabecula) 
have  arisen,  which  project  far  into  the  interior  of  the  chamber  and 
are  joined  to  one  another,  so  as  to  constitute  a  spongy  tissue,  the 
numerous  fissures  in  which  are  continuous  with  the  narrowed  cavity 
of  the  heart  and  likewise  allow  the  current  of  the  blood  to  pass 
through  them.  At  one  place  the  musculature  is  especially  thickened 
and  forms  a  crescent-shaped  fold  projecting  inward,  the  fundament 
of  the  ventricular  partition  (septum  ventriculorum)  (figs.  308,  309, 
310  ks).  This  takes  its  origin  from  the  lower  and  posterior  [dorsal] 
wall  of  the  ventricle,  in  the  region  which  is  marked  externally  by 
the  pre\iously  mentioned  sulcus  interventricularis  (fig.  307  si).     Its 
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free  edge  in  directed  upwards  and  grows  toward  the  bulbua  arteriosus 
iind  tbe  alrioveutticulfir  opening.  The  latter  originally  lies  more  in 
the  left  half  of  the  ventricle  (tig.  310  A  F.av.c),  but  it  graduivlly 
moves  over  more  to  the  right,  and  finally  aBsumeK  such  a  position 
that  the  ventricular  partition  by  ite  growth  upwards  meete  it  exactly 


Tig.  310.  —Two  diAcrmiu  (tf  toi 
QMimn  atrioYeDtrioulan  ■ 


Luuiglnod  to  hav6  beeD  dlvldHl  Into  hair 
•  •ue  i<n>k*  inuj  itto  |x>Aeiior  id'in&i)  buvei,  ID  wnich,  DiDnover,  Uifi  cairdivt  IrAbtvnliB)  v1 
luHB  bMB  ijmiltBil  for  the  sako  i.f  limiilKylBg  lh«  vl«w. 

A.  KMTt  of  u  DDbrTi  Babbit.  !■  wbkh  tlu  h«d  U  S'l-S'l  ma.  laof.     Ths  vgntrinlE 

divided  h7  tht  rantrloulu'  lurtllion  (b)  lota  ■  left  and  a.  right  ball  u  fu  u  the  afU' 
jntartnutriirdliirs  (Oi).  Tbo  right  ssd  of  the  foruuaD  ■triovenlrlculara  (niDmuna  [P.ni 
eilendi  Into  the  right  ihdUIdIo  ;  tUo  aiuli>«rUUl  cnihioiu  (o.d',  «.'!)■»  daTBlopxd. 

B.  EMfti)ruabi3rgBMhit,haidT-IuB.liiii(.    The  «n<Iiw[<llia  trnMoa* (Q.ik,  it.ci)nl  I 
ajtd  tbervhj  th 
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in  the  middle  and  fuses  with  its  edgea  diiectly  opposite  the  atrial 
partition  (figs.  309,  310  5). 

The  division  oF  the  ventricle  in  Mau  i^  completed  ati  early  an  the 
seventh  week.  From  the  atrium,  the  two  compartmentfi  of  which 
are  united  by  the  foramen  ovale,  the  blood  is  now  conducted  through 
a  right  and  a  left  ostium  ati'ioventiiculare  into  completely  separated 
right  auil  left  ventri^^les. 

The  two  atrioventricular  openings  are  narrow  at  the  time  of 
their  origin  ;  they  are  in  part  surrounded  by  the  pi-eviuuslj-  uieDtioiieii 

36 
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endocardial  ridges  that  project  from  the  pai-tition,  in  ptirt  by  corre- 
eponding  growths  of  the  endocardium  at  their  lateral  drcamferenoe. 
The  membi'anous  projectiouH  are  comparable  with  primitive  pock^ 
valvee,  such  as  are  also  established  in  the  bulbua  arterioenB  (Qboen- 
b&VB);  thoy  constitute  the  starting-point  for  the  development  of 
the  large  atrioventricular  valvee,  but  furnish,  as  Oeoekdaur  and 
Bebnays  have  shown,  only  a  part — the  membranous  marginal 
thickening  (mit*) — which  subsequently  disappears  olmoet  completely, 
whereas  the  compact  main  part  of  the  valve  arises  from  that  portion 
of  the  thickened  muscular  wall  of  the  ventricle  itself  that  surrounds 
the  atrioventricular  opening  (Gg.  311  B  mk). 

As  was  previously  stated,  in  the  case  of  Man  the  wall  of  the 
ventricle  during  the  first  months  consists  of  a  close  spongy  network 


of  muscular  trabeciili).>,  which  are  invested  by  the  endocttrdium  and 
the  interetices  of  which  communicate  with  the  small  central  cavity 
(fig.  311  .1).  Such  a  spongy  condition  of  the  wall  of  the  heart 
persistH  peruiancutly  in  Finheti  and  Amphibia  ;  in  the  higher  Verto- 
brjitCM  and  Man,  on  the  conti-ary,  metumorp hoses  occur.  Toward 
'\ti*  external  Hurfitce  thy  wall  of  the  heurt  beeonu's  more  compact,  in 
that  the  nmsculiir  tral«cul{e  become  thicker  and  the  spiices  between 
them  iiiu-rower,  in  Kome  ]>artt4  even  diKjip[>eHi'iug  entu'oly  (fig.  311  B 
tc).  The  i-evern«  of  thin  process  takes  place  towiird  the  inside.  In 
the  vicinity  of  thti  utrioventriculor  ojiiiuing  the  trubecula!  become 
thinner  and  the  interstices  largt-r.  In  tbiw  wuy  a  part  of  the  thick 
wall  of  the  ventricle,  which  looks  toward  the  atrium  and  encloses  the 
opening,  is  undermined,  as  it  were,  by  the  blood-current.  In  this 
part   the   muscle-fifareij   afterwards    become  entu'ely   rudimentary ; 
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thnre  nre  formed  from  the  iuterEtitial  ronnective'lissue  Mubtttaiice 
teniiuiuuM  platea,  which  with  the  endocardiaJ  cushions  atttu-hed 
to  their  inavgins  become  the  permanent  atrioventricular  vulvee 
(hg.  311  B  ink).  The  lattei'  therefore  arise  from  it  purt  of  the 
spDn|j[y  wall  of  the  ventricle. 

The  remimntsof  the  BhrivelU-d  muHcular  trabecuke  (lig.  311  B  ehl), 
which  are  attached  to  the  valve  from  I«luw,  become  stUl  more 
rudimentary  in  the  immediate  vicinity  of  the  attachment :  here  also 
a  part  of  the  muscular  fibres  duiiippeiLrs  entirely ;  the  connective 
tiasue,  on  the  contrary,  tij  preserved,  and  is  converted  into  the  tendinoiio 
cords  which,  known  under  the  name  of  chonUe  Ujidiiune,  nerve  to 
hold  in  pla<e  the  vulveu.  At  !<ome  distance  from  the  latter  the 
trftbeculie  projecting  into  the  ventricle  preeerve  Uieir  fleshy  con- 
dition and  bei-ume  the  papillary  mmicles  (/>nt),  from  the  apieeo  of 
which  the  chordfe  tendlnete  ariiie.  "Whatever  of  the  primitive 
trabecular  network  ifliU  persists  on  the  inner  siu'face  of  the  ventricle 
forma  a  more  or  lesB  «tout  meshwork  of  musclea,  the  flfsliy  pillam  of 
the  heart  (fc),  or  trabeoulte  cameie." 

tn  consequence  of  all  theee  alterations  the  originally  xniiill  cavity 
of  the  ventricle  has  become  considerably  enlarged  at  the  expense  of 
a  purt  of  its  spongy  wall.  For  the  whole  of  the  space  which  in 
lig.  3H  £  lies  Ix'low  the  vulva*  ha*;  been  produi^d  from  the  system 
of  originally  uaiTow  spaces  (fig.  311  4),  audhiis  been  employed  for  the 
enlargement  of  the  central  cavity  by  the  degeneration  of  tlie  fleshy 
columns  into  slender  tendinous  cords. 

It  still  remtiins  for  us  to  investigate  the  ilivision  of  the  Irnncus 
arterioHus  and  the  final  metumorphotiis  of  the  utrium. 

At  about  the  time  when  the  formation  of  the  partition  in  the 
ventricle  takeii  place,  the  truncus  art«t'iosug,  which  arises  from  it, 
becomes  somewhat  flattened,  and  thus  acquires  a  fissure-like  lumen. 
On  the  flat  sides  two  ridgu-like  thickenings  make  their  appearance 
(fig.  310  A  and  B  s),  grow  toward  each  other,  and  by  their  fusion 
divide  the  cavity  into  two  pofisiiges  which  are  triangular  in  cross 
set^tion.  Now,  too,  the  beginning  of  the  internal  Be[iuration  makee 
itself  visible  externally  as  two  luugitudinal  furn>w-ij,  in  the  same 
way  that  the  formation  of  a  jxirtition  in  the  ventricle  ib  indicated 
by  ibu  sulcus  interventrieiilaria.  Tho  two  canals  resulting  from  the 
division  ara  the  aorta  and  the  pidmonury  artery  {Ao  and  I'u).  For 
a  time  they  continue  to  he  siii-ronnded  by  a  common  udveutitia,  then 
they  become  widely  Hepnrat«d  and  also  ejtti.Tmilly  detacJied  from  eaeh 
other.     Tho  whole  process  ol"  separation  in  the  truiiciis  lu-teriosun 
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takes  place  independently  of  the  development  of  a  partition  in  the 
ventricle,  beginning  as  it  does  at  first  above  and  advancing  from 
there  downwards.  Finally  the  aortic  septimi  penetrates  also  into 
the  cavity  of  the  ventricle  itself  (fig.  310  ^  «  and  ka),  there  unites 
with  the  independently  developed  ventricular  partition,  furnishes 
the  part  known  as  pars  membranacea  (Ot),  and  thus  completes  the 
separation  of  the  vessels  leading  out  from  the  heart,  the  aorta  falling 
to  the  lot  of  the  left  ventricle,  the  art.  pulmonalis  to  the  right. 

The  pars  membranacea  indicates  therefore  in  the  fini^died  heart 
the  place  at  which  the  separation  between  the  right  and  left  halves 
of  the  heart  is  completed  {Rg,  310  B  Oi),  '*  It  is,  as  it  were,  the 
keystone  in  the  final  separation  of  the  primitive  simple  cardiac  sac 
into  the  four  secondary  cardiac  cavities,  as  they  are  formed  in  Birds 
and  Mammals"  (R68e).     From  a  comparative-anatomical  point  of 

view  this  place  presents  a  special  interest 

^     /^         /C^     *  ^^^  *'^®  ^*^^  *'^*^  ^  Reptiles  there  eidste 

ft-/|        \JL/  here  a  permanent  opening  between  the 

\^        C^\j  «  two  ventricles,  the  foramen  Pannizzse. 

^""'^  Even  before  tlu»  division  of  the  tinincus 

Kf.  8U.~])Mffnm  of  tht  tp-  arteriosus,  the  eemilwiar  valves  have  become 

r»irM.   From  (;Eij>aiHAiii.        eeUMished  as  four  ridges^  consisting  of 
A,  Umiivuie.!  trnncnii  HrtcrioeiiH     gelatinous  tissuc  with  a  coveriug  of  endo- 

with     four    fumUinents    of  ,     i.  «  a    j       i  i.*   i     • 

valves.  B,  Diviaiun  inu>  pui-      thelium,  at  the  contracted  place  whicli  is 
inonaiis  (p)  and  aorta  (rt).      d«<iirnated  as  the  /return  HaUerL     Two  of 

each  of  which  iKXBMMS  three  ^  i     i      j    1    xu      x-  e   »,\.      J\-    ' 

vaivos.  them  are  halved  at  the  time  of  the  divi- 

sion of  the  trunciis  into  tu)rta  and  art. 
pulmonalis.  For  each  vessel,  therefore,  there  are  now  three  ridges, 
which,  owing  to  a  shrivelling  of  the  gelatinous  tissue,  assume  the 
form  of  pockets.  Their  arrangement,  to  which  Gegenbaur  has  called 
attention,  is  intelligible  from  their  method  of  development,  as  the 
accompanying  diagiaiu  (fig.  312)  shows.  "By  the  division  of  the 
originally  single  bulbus  arteriosus  (-^1)  into  two  canals  (/i),  the 
nodule-like  fundaments  of  the  four  original  valves  are  distributed 
in  such  a  manner  that  the  anterior  [ventral]  one  and  the  anterior 
halves  of  the  two  latenil  ones  fall  to  the  anterior  arterijil  trunk 
(pulmonalis),  the  poHterior  and  the  posterior  halves  of  the  lateral 
oni»s  to  the  posterior  arterial  trunk  (aorta)." 

Finally,  as  regards  the  atrium,  it  is  to  l)o  said  that  the  sinus 
venosus,  mentioned  at  p.  558,  the  mouth  of  the  pulmonary  vein,  and 
the  foramen  ovale  undergo  important  alterations. 

The  sinus  venosus  disappears  as  an  independent  structure,  since  it 
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in  gradually  merged  into  the  wall  of  the  ntriiiio.  Iti  «jii!<«tuern-c  of 
tliiK  the  gi'Otit  venoitx  trunks,  which  originnlly  emptied  their  blood 
iiito  it  And  which  Imve  meanwhile  been  convei-ted  into  the  superior 
and  inferior  vons  cavie  aod  iuto  the  ainus  coronariiiH  (the  detnilx  of 
which  are  given  in  section  d),  empty  dircetly  into  the  right  half  of 
the  atrium,  and  here  gi-adually  separate  farther  and  farther  from 
one  another.  Of  the  two  valves  which  HuiTound,  as  was  previously 
stated,  the  mouth  of  the  sinun  venomis,  the  left  becomes  rudimentary 
(ligH.  308,  309)  ;  the  right  {•),  on  the  contrary,  jiersiHtR  lit  the  mouth 
of  the  inferior  vona  cava  and  of  the  tinun  coronarina,  and  ia  divided, 
corrcspf)Q<ling  to  these,  into  a  larger  and  a  smaller  poi-tion,  of  which 
the  former  becomes  the  valvida  Euatachii,  the  latt«r  the  valviila 
Thebeeii. 

The  four  pulmonary  veinx  are  united  for  a  time  into  a  common 
short  trunk,  which  empties  into  the  left  half  of  the  atrium.  Sub- 
sei|nently  the  common  terminal  portion  becomes  greatly  enlarged 
and  merged  with  the  wall  of  tlie  heart,  in  the  same  way  as  the  sinus 
venosus  does.  In  consequence  the  four  pulmonary  veins  then  open 
separately  and  directly  into  the  atrium, 

The  foramen  ovale,  the  formation  of  which  was  previously 
described,  maintains  a  broad  communication  between  the  two  sides 
of  the  atrium  during  the  entire  embryonic  life.  It  is  bounded 
behind  and  below  by  Ibe  atrial  partition,  a  connective-tiBSue  mem- 
brane that  subsequently  receivcfi  the  name  of  valvula  foraminiA 
ovalis  (fig.  309  m).  Also  fitmi  above  and  in  front  there  is  formed  a 
sharp  limitation,  since  a  niUBculur  ridge  projects  inward  from  the 
atrial  pai-tition,  the  anterior  atrial  crescent  or  the  limbus  Vieussenii 
{v<).  Even  in  the  third  month  all  of  thet^e  partx  are  distinctly 
developed ;  the  valvula  foraminis  oralis  already  i-eaches  nearly  to 
the  thickened  margin  of  the  anterior  muscular  crescent,  but  is 
deflected  obliquely  int^  the  left  half  of  the  atrium,  so  that  a  broud 
tissure  remains  open  ami  permits  the  blood  of  the  inferior  vena  cava 
to  euter  into  the  left  part  of  the  atrium.  Aft«r  birth  the  marginn 
of  the  anterior  and  posterior  folds  come  into  contact,  and,  with 
occasional  ejcceptions,  fuse  completely.  The  posterior  fold  furnishes 
the  membranous  partition  of  the  foramen  ovale ;  thi>  anterior,  with 
its  tiiickened  mosciilar  margin,  produces  above  and  in  front  the 
limbus  Vieussenii.  With  this  the  heart  has  attained  its  permanent 
structure. 

While  the  cardiac  sac  undergoes  these  complicated  differentiations, 
it  changee  its  position  in  the  body  of  the  embryo  and  acquires  at  an 
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eftriy  [ktioiI  a  N]H'c-ial  invpfitmctit,  the  ppricftnlium.  In  connection 
with  the  latter  tlie  duiiihnigm  ih  funni'tl  hk  it  jiailitiun  between  the 
thoradc  and  alxlominal  cavities.  This  is  ronscqiiently  the  most 
Ruitable  place  at  which  to  acquaint  oumelves  bett«)r  with  these 
important  procoHsca,  a  part  of  which  are  not  easily  iinderxtAod.  The 
most  of  the  discovoriea  in  thin  field  wo  owe  to  the  inveetigatiotis  of 
Cadiat,  His,  Balfour,  TJbkow,  and  otbern. 


(fi)  The  DevdopmerU  nf  l/ie  Pericardial  Sac  and  the  Diaphragm. 
The  Differentiation  of  tlie  Primary  Body-caviti/  into  Pericardial, 
Tltoracic,  and  Abdominal  Cavities. 

Originally  the  body-cavity  is  widely  extended  in  the  body  of  the 
embrj'o,  for  it  can  be  traced  in  the  lower  Vertebrates  into  the  fun- 
<lamrnt  of  the  head,  where  it 
fiimishea  the  cavltiefl  of  the 
visceral  arches.  After  the 
hitter  have  become  closed, 
during  which  muscles  arise 
frum  the  cells  composing  their 
walls,  the  body-cavity  extends 
forwitnl  as  far  as  the  last 
visceml  arch  and  constitutes 
a  large  space  (fig.  313),  in 
which  the  heart  is  ileveloped 
within  the  ventral  mesentery 
(uiesocnitlium  a  uteri  us  and 
posteriiis),  Rehak  and  K6l- 
LIKER  named  tliiss|iftco  tAroaf- 
eni-iti/ ;  lti8  introduced  the 
name  parietal  carnt;/.  But  it 
win  be  most  appropriate  if 
one  designates  it,  after  the 
jiermanent  organs  which  Hre 
derivwl  fiwiii  it,  as  tlio  jyeri- 
cnrdio  -  l!u>racie  caril;/.  Tlie 
more  the  runliac  tube  is 
thrown  into  curves,  the  more  extensive  this  cavity  becomes,  and  it 
soon  acquii-cs  in  the  embryo  a  comparatively  enormous  size.  By 
tliis  its  front  wall  is  protruded  vontrally  like  a  hernia  Utween  the 
head  and  the  nnvel  of  the  emhrjo  {figs.  314,  157). 
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The  pericanlio-thorftoic  oi\n'ty  begins  very  early  to  be  sharply 
marked  oft'  fi-om  the  future  iibdominftl  ciivity  by  a  Iratuvene  fold 
(figs.  313,  314  =+0,  which  Ijegiiis  at  the  front  [vonti-al]  luid  liiteral 
walls  of  the  tnmk,  and  the  free  edge  of  which  projects  dorsalwards 
and  medianwarda  (lig.  314  s  +  0  '"*<*  "^l'^  primitive  body-cavity.  It 
marks  the  course  which  the  terminal  ]>arL  of  the  vena  omphalo- 
mcRenterica  takes  in  order  to  reach  the  heart.  Subsequently  there 
are  found  imbedded  in  the  fold  all  of  the  venoiis  trunks  which  empty 
into  the  atrial  vinus  of  the  hea/i-t  (ligs.  313,  314), — the  omphalo- 
mesenteric and  umbilical  veins  and  the  Cuvierian  ducta  {de),  which 
coUet't  the  blood  from  the  walls  of  the  trunk.  Therefore  llui/ormation 
o/Uie  transverse  Jold  is  most  intimateli/  connected  unlh  the  development 
of  the  veina.  It  takes  the  name  of  aeptu/ai  transversum  (maasn 
traoBverav,  UsKOw),  and  has  the  form  of  a  transverse  In-idge  of 
substance  uniting  tbo  two  latei'al  walls  of  the  trunk  (fig,  313),  which 
inserts  itself  between  the  sinus  venosua  and  the  stomach,  and 
is  luiited  with  both  as  well  as  with  the  ventral  mesentery.  Its 
posterior  portion  (fig.  314  s-t-')  contAins  abundant  embryonic  con- 
nective tissue  and  blood-vessels,  and  constitutes  a  mass  described  as 
prehepalimts  (Vorleher),  since  the  two  liver-sncs  (lig.  313  Lb+lbj/) 
grow  out  fi-om  the  duodenum  into  it  and  produce  the  hepatic 
cylinders.  In  proportion  as  this  takes  place,  and  the;  hepatic 
cylinders  spread  out  from  the  ventral  mesentery  laterally  into  the 
septum  transversnm,  the  latter  incrcasea  in  thickness  and  now 
embraces  two  different  fundaments, — in  front,  a  plate  of  substance 
in  which  the  Cnvierian  ducts  and  other  veins  run  to  the  heart  (the 
prinuiry  diaphragm) ;  behind,  the  two  lobes  of  the  liver,  which  produce 
ridges  that  project  into  the  body  cavity. 

By  means  of  the  septum  ti'ausversum  the  pericardio-thoracic  and 
the  at)dominal  cavities  are  almost  completely  separated  (fig.  314). 
Tliere  remain  only  two  nan'ow  canals  (brh)  (thoi-acic  prolongations 
of  the  abdominal  cavity.  Ills),  which  establish  a  connection  behind 
with  the  abdominal  cavity  at  either  side  of  the  intestinal  tube  and 
its  dorsal  mesentery.  Tlie  two  canals  (6rA)  receive  tbe  two  funda- 
ments of  tbe  lungs  ify)  when  they  grow  out  fi-om  the  ventral  wall 
of  the  intestinal  tube.  They  afterwards  become  the  two  thoracic  or 
pleural  cavities  (Mi),  whereas  the  larger  cavity  communicating  with 
tbem  (}A),  in  which  the  heai't  lias  developed,  becomes  the  pericardial 
chamber.  The  latter  takes  up  the  whole  ventral  nde  of  the  embryo; 
the  thoracic  cavities,  on  the  contrary,  lie  quite  dorsal  next  to  the 
posterior  wall  of  the  trunk. 
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How  does  the  closure  of  these  three  origin&lly  communicating 
BpiicoH  tiilc)'  |)1i(c<-,  an<)  tiow  <lo  they  ntttiin  their  altered,  Goal  poeitioD 
in  relation  to  ono  another  1 

The  pericArdinl  rac  ia  the  firat  to  he  separated  off.  He  impulse 
to  separation  in  FnmiRhed  by  the  CuTierinn  ducts  (fig.  314  de).  One 
portion  of  the  latter  runs  down  from  the  domum,  vhere  it  axities  by 
the  confluence  of  the  jugular  and  cardUiAl  veins,  along  the  lateral 
walls  of  the  trunk  to  the  transverse  septum  (fig.  314  dc) ;  it  thereby 


:  U,  imlanlinl  cuvltj; 
v«ia  :  rta,  wilinol  v^iu  ; 
livfr;  vl',  uiiUHllblc. 


crowds  the  pleui-n  into  the  pcricardio- thoracic  carity,  and  in  tliis 
manner  produceo  the  pteuro-perioardial  fold.  Since  the  latter  id 
carried  farther  and  farther  inward,  it  continues  to  narrow  the  com- 
munication between  the  pericardial  cavity  (/A)  and  the  two  pleural 
cavities  (brh)  ;  finally,  it  cuts  off  the  communication  entirely,  when 
its  free  edge  has  grown  [median wards]  as  far  as,  and  has  fused  with, 
the  medinxtinum  postcrius,  tn  which  the  ccsopbagus  lies.  By  this 
migration  of  the  Unvierian  ducts  is  also  explained  the  pontioti  of  the 
superior  vena  cava,  wliiib  later  opens  into  the  atrium  from  abo^-e, 
for  it  ia  derived  from  the  Cuvierian  duct.      Originally  located  in 
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the  lateral  wall  of  the  trnnk,  its  terniiniil  part  h  aFterwardx  enrliwed 
ill  the  metliaatiuum. 

After  the  cloBuro  of  the  pericanlinl  siw;,  the  tiftimw,  tubiilitr 
thorticic  ciiTitieK  (fig,  314  brA)  cotitiniie  for  a  timp  to  remain  in 
communication  behind  with  the  abdominal  cavity-  The  fimiliiments 
of  the  lungs  (Ig)  meiintiine  grow  farther  into  thom,  and  their  ti|)n 
finally  come  in  contact  with  the  upper  surface  of  tbe  liver,  which 
also  has  now  become  larfier.  Then  a  closure  ia  effected  at  theae 
places  also.  From  the  lateral  and  posterior  walls  of  the  trunk 
project  folds  (the  pillars  of  UaKow),  which  fuse  with  the  septum 
transversum,  and  thus  form  the  darted  part  of  tJie  diaphragm.  Chtt 
can  therefore  dittingiiish  a  ventrni  older  part  ami  a  dorsiil  you-nger  mie. 

Ab  OBaB:<BAUB  pointi  out,  this  explains  the  course  of  the  phranic  nerve, 

which  rtiiia  in /roHt  0/  [ventral  to]  the  heart  anfl  lungs  and  approaches  the 
diaphragm  from  in  front. 

Occasionally  the  fusion  of  the  donuil  and  ventral  fundaments  is 
interrupted  on  one  side.  The  consequence  of  snch  arrested  develop- 
ment is  II  diitphmgmatio  hernia — i.e.,  a  permanent  connection  between 
altdominal  and  thoracic  cavities  by  meana  of  a  hernial  orifice,  through 
which  loops  of  the  intestine  can  pas.s  int^i  the  thoracic  chamber. 

When  the  four  large  nerous  spaces  of  the  body  have  been  com- 
pletely shut  off  from  one  another,  the  individual  organs  must  still 
undergo  extensive  alterations  of  position,  in  order  to  attain  th^ 
ultimate  condition.  The  pericardial  sac  at  first  takes  up  the  whole 
ventral  tddo  of  the  breast,  and  over  a  large  area  is  connected  with 
the  anterior  wall  of  the  thorax  and  with  the  up])er  wait  of  the 
diaphragm.  Moreover,  the  latter  is  united  with  the  liver  along  its 
whole  under  sui-face.  The  lungs  lie  bidden  in  narrow  tubes  at  the 
dorsal  side  of  the  embryo. 

Thei-o  are  two  facloi-s  that  come  into  the  n«!0unt  in  this  con- 
nection (fig.  315).  With  the  increase  in  the  extent  of  the  lungs  (Ig), 
the  thoracic  cavities  {pl.p)  extend  farther  ventrally,  and  thereby 
detach  the  wall  of  the  pericardial  sac  (pc),  or  the  pericardium,  on 
the  one  hand  from  the  lateral  and  anterior  walls  of  the  thoi-ax,  and 
on  the  other  from  the  surface  of  the  diaphragm.  Thus  the  heart  (A(), 
with  its  pericardial  sac,  is  dLsplaceil  step  by  step  toward  the  median 
plane,  whei-e,  together  with  the  large  blood-vessels  (ao),  the  awj- 
phaguB  (tti),  iwid  the  bronchial  tubes,  it  helps  to  form  a  partition — 
the  mediastinum — between  the  gi-eatly  enlarged  thoracic  cavities. 
In  front  the  pericardial  sac  then  remiiina  in  coiitact  with  the  wall  of 
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the  thorax  (at)  and  below  with  the  iliaphragm  f or  a  fi 
only. 

The  seooiid  /aelor  is  the  tepm-ation  of  (Ae  liver  frotn  the  primaiyM 
diaphragm,  with  whic/t  it  was  unittfl.  to  form  th«  eefitum  tran»v«rttm^t 
This  takes  place  as  follows:  At  the  margin  of  the  iivor  the  peritoti«ui&,r 
which  originally  covered  only  its  under  curface,  grows  over  on  ti 
its  upper  surface,  tieparating  it  from  the  primary  diaphragm.     I 
connection  in  retained  near  the  wall  of  the  trunk  only.     Thus  is 
explained  the  devBlopment  of  the  ligavumlum  coronarium  hepatia. 


which  was  disregarded  in  the  section  which  treated  of  the  lignmentooa 
supports  of  the  liver  (p.  330). 

The  diiiphragm  finiilly  acqiiii-ea  its  permanent  condition  by  the 
ingrowth  of  muflclm  from  the  wall  of  the  trunk  into  the  connective- 
tissue  lamella. 

(e)   The  Mttanwrphoiipa  of  the  ArteriiU  System. 

The  development  of  the  large  arterial  trunks  lying  in  the  vicinity 
of  the  heart  in  of  great  interest  from  a  comparative -anatomical  point 
of  view.     Am  in  all  Vertebrates  at  least  five  pairs  of  visceral  arches 
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are  eKtablinhed  on  the  two  eiileti  of  the  fore^it  (permanently  in 
the  gill-hrent.hing  FL<:hee;,  Dipnoi,  and  a  part  of  the  Amphibia, 
tninsiturily  in  the  liigher  Vertebrates),  so  also  l.herP  are  devoloped 
at  the  corresponding  places  on  the  part  of  the  vasculm-  system  five 
pail's  of  vascular  arches*  (fig.  310  '").  They  take  their  origin 
from  the  trunons  arbenosus  (figs.  316,  317),  which  nins  forward 
under  the  fore-gnt,  then  follow  along  the  visceral  archea  up  to  the 
dorsal  surface  of  the  emhryo,  and  here  unite  on  either  side  of  the 
vertebral  column  into  longitudinal  vessels,  the  two  primitive  aortte 
(fig.  317  ad).  On  this  ticcount  they  are  called  aortic  arehei,  but 
they  are  more  appropi'iately  designated  as  viKtral-artk  VMsela. 

In  the  Vertebrates  that  breathe  by 
means  of  gilla,  the  vessels  of  the 
visceral  arches  become  of  iviportancr. 
in  the  proceu  of  respiration,  and  early 
lose  their  simple  structure.  From 
their  ventral  initial  portions  there 
arise  niimerouH  lat«rat  brnnchen  run- 
ning to  the  bmnchial  lamellic,  which 
have  arisen  in  large  numbers  from 
the  mucous  membrane  investing  the 
visceral  arches  ;  hero  they  are  resolved 
into  fine  capillary  networks.  From 
these  the  blood  is  re -collected  into 
venous  branches,  which  open  into  the  IIm^  vJrtJtaito'        "^  "" 

upper  end  of  the  visceral -arch  vessels,  i— :^,  Firuto  arui  iu>niu  aithu;  <ui. 
The    larger   the    ventral    and    dorsal  ^'^'!^(t.rei;"'^ot^''b'^- 

lateral     bi-anchew,    the    more     incon-  .,  .ubomviii;  j.,  puimouan., 

spicuous  does  the  middle  part  of  the 

vessel  of  the  visceral  ai-ch  become.  At  length  it  has  separated  into 
an  initial  pait,  the  braiuJmtl  arteri/,  which  is  distributed  to  the 
branchial  lamellre  in  numeroiw  hranchea,  and  an  upper  part,  the 
branchial  win,  into  which  the  blood  is  re -collected.  The  two  are 
connected  with  each  other  by  means  of  the  close  network  only, 
which,  from  its  superficial  position  in  the  mucous  membi-ane,  presents 
ft  suitable  condition  for  the  removal  of  the  gaaes  from  the  blood, 

Since  in  the  Amniota  there  are  no  branchial  lamellte  proiluced, 
branchial  arteries  and  veinn  also  fail  to  be  developed,  the  vessels  of 

'  [Tho  cuiiitcnce  of  tix  paire  of  Tiucnlar  arches  has  rcceull)'  been  shuwn  to  be 
the  typical  ccitiiiiUon.  tlie  newly  discovered  pair,  sitnated  between  the  fourth  and 
fifl.li  pairs  iif  IUthkb's  scheme  (Hg,  31C),  being  of  short  duration  in  Aiuuiotu,  J 
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tlie  viflcerol  arcliefi  retiuning  their  original  lumple  condition.  But 
tlioy  are  in  part  of  only  sliort  <luration;  they  soon  Ruffer,  by  the 
comp]et«  degeneration  of  extensive  portions,  a  profotmd  metamor- 
phoais,  which  is  effected  in  a  somewhat  difTerent  manner  in  Boptiles, 
Birds,  and  HammalB.  An  exposition  of  the  changes  in  the  case  of 
Man  only  mil  be  given  here. 

In  human  embryos  only  a  few  millimetres  long,  the  truncus 
arteriosus,  which  emergen  from  the  still  single  cardiac  tube,  is  divided 
in  the  vicinity  of  the  first  visceral  arch  into  a  left  and  a  right 
branch,  which  surround  tbo  pharynx,  and  are  continuous  above  with 
the  two  primitive  aortas     It  is  the  first  pair  of  aortic  arches.     In 
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only  filightiy  older  embryos  their  number  is  rapidly  increased  by 
the  formation  of  new  connections  between  the  ventral  truncim 
arteriosus  and  the  dorsal  primitive  aortie.  Soon  a  second,  a  third, 
a  fourth,  and,  finally,  a  fifth  pair  make  their  appearance  in  the 
same  sequence  in  which  the  visceral  nrches  are  establistiod  in  the 
case  of  Man  as  well  as  the  remaining  Vortebnitcs. 

Tlie  five  pairs  of  vascular  arches  give  off  lateral  branches  to 
the  neighboring  organs  at  a  very  early  period ;  of  these  several 
acquire  a  great  importance  and  become  carotifi  externa  and  interna, 
vertebralia  and  subclavia  as  well  as  pulmonalis.  The  carotis  externa 
(fig.  31G  ce  and  fig.  317  e)  arises  from  the  beginning  of  the  first 
vwcnlar  arch,  and  is  distributed  to  the  region  of  the  upper  and 
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lower  jawa.  The  cuTOtis  internn,  (tigs.  316  ct,  317  c')  likewise  arises 
from  the  first  flivh,  but  farther  dorsally,  at  the  point  wbere  tlie 
arch  bends  around  to  become  continuotis  with  the  root  of  the  aorta  ; 
it  conducts  the  blood  to  the  embryonic  brain  and  to  the  developing 
eye- ball  (arteria  oplithalniica).  From  the  dorBal  region  of  the 
fourth  vascular  arch  (fig,  316  *)  a  branch  is  given  otl'  which  in 
soon  divided  into  two  biTmches,  one  of  which  goes  headwards  to  the 
medulla  oblongata  and  the  brain,  the  arteria  vert«bra1iK  (v),  whei-eas 
the  other  («)  supplies  the  upper  limb  (arteria  subcliivia).  In  the 
coui-se  of  development  these  two  arteries  interchange  relations  in 
n^Kpect  to  calibi*.  In  young  embiyos  the  vertebralis  is  by  far  the 
more  important,  while  the  subclavia  in  only  a  siuall  inconspicuous 
lateral  branch.  But  the  more  the  up[«r  extremity  increaees  in  size, 
the  more  the  suliulavia  is  elevated  into  the  position  of  the  main 
trunk,  and  the  more  the  vert«braliti  sinks  to  the  i-ank  of  an  accessory 
branch.  Finally,  fi-om  the  fifth  [sixth]  areh  there  bud  forth  bnvnches 
to  the  developing  lungs  (iigs.  316,  317  p). 

As  the  simple  diagnim  shows,  thu  fundament  of  the  arterial  trunks 
which  arise  from  the  heart  is  originally  etfietly  atjmmetfuxd.  But  at 
an  early  period  there  occur  reductions  of  ceiioin  vujycular  tiucts  even 
to  their  complete  disikppeai'ance ;  in  this  way  the  tymmetrical  ttrraruje- 
tnent  ie  gradnaUy  eonverUd  into  tin  waaymmetruMl  ime. 

The  accompanying  diagram  (fig.  318) — in  which  the  parte  of  the 
voHcuUr  course  that  degenerate  are  left  free,  and  those  which 
oontinue  to  be  functional  ore  marked  by  a  heavy  central  line — will 
serve  to  illustrate  this  metamorphohis. 

First,  as  early  as  the  Ixeginning  of  the  nuchiLl  flexure,  the  first 
and  second  vascular  arches — with  the  exception  of  the  connecting 
portions  through  which  the  blood  flows  to  the  carotin  externa  (6)— 
disjippear. 

The  third  areh  (c)  persists,  but  loses  it«  connection  with  the  dorsal 
end  of  the  foiu^h,  and  therefore  now  conveys  all  its  blood  toward  the 
head  into  the  carotis  interna  (a),  of  which  it  has  now  become  the 
initial  part. 

The  chii'f  rule  in  the  metiimorphosis  is  assumed  by  the  fourth  und 
fiftli  arehes  (6g.  317  C).  They  soon  exceed  all  other  vcseeL*  in  sise, 
and  as  they  lie  netuvst  Ijj  the  heart,  they  are  converted  into  the  two 
clnef  arteries  which  arise  from  it,  the  aortic  arch  and  the  arteria 
pulmonalis.  An  important  modification  is  effected  at  the  pidce  of 
their  origin  fi-om  the  truncns  arteriosus  when  the  hittor  is  divided 
lengthwise  by  mi-ans  of  the  development  of  the  partition  previously 
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mentioned.  The  fourth  arch  (fig.  318  e)  thon  remoiiiH  in  connection 
with  the  trunk  (d)  whii:h  arises  from  the  left  ventricle  and  receives 
blood  exclusively  from  that  Bource.  Tlie  fifth  arch  (n),  on  the  con- 
trary, forms  the  continuation  of  that  half  (m)  of  the  tnincus  arteriosus 
which  emergeu  from  the  right  ventricle.  Thus  the  diviaon  of  the 
blood  into  two  separate  ciirrent«  initiated  in  the  heart  is  also 
continued  into  the  nearest  vessels,  but  for  a  short  distance  only, 
since  the  fourth  and  fifth  pairs  of  vattcular  arches  {fig.  317)  still 
empty  their  blood  togetiier  into  the  aorta  communis  (ad),  with  the 
exception  of  a  certiain  portion  which  runs 
through  tfaeir  aracssory  branches,  in  part  to 
the  head  (c.c')  and  upper  limbs,  in  jiart  to 
the  still  diminutive  lungs.  GraduaUy,  hom- 
eoer,  the  ptvceee  i>f  Beparaiion  ikvs  introd'ioed 
it  continued  still  farther  into  the  region  of 
the  periplieral  veaeelt  and  fi-naUji  leads  to  the 
ealabliihmeni  of  the  entirely  diatinet  major 
and  minor  eireulatione.  The  Jitud  condition  is 
attained  hi/  the  deijeneration  of  certain  portiona 
of  tite  veaeela  and  liie  etdari/einent  of  others. 

A  pi'eponderanL-e  of  the  vascular  arches  of 
the  left  side  ov<'r  thiwp  of  the  right  is  wx»n 
i-ecognisable  (fig.  318).  The  former  con- 
tinually incroa.se  in  size,  while  those  of  the 
right  side  become  h'ss  and  less  apparent  iind 
finally  in  places  disappear  altogether.  They 
arc  retained  only  in  so  fur  an  they  conduct 
the  blood  to  the  lateral  bmnthef!  which, 
arising  from  them,  go  to  the  head,  the  upjier 
limbs,  aud  the  lungs.  Consiijuently  of  the 
right  aortic  arch  there  i«mainrt  only  the 
tract  which  gives  rise  to  the  right  curotis  counnuiiis  (c)  and 
the  right  subclavia  (t+0-  ^'^  ilenigiiat«^  its  initiiil  {■ai't  as  the 
oi'teria  anonyma  brachiocephiilica.  With  this  thi'  [K'l'miuient  I'on- 
(lition  is  now  o^tablished.  Tlic  reuinanl  of  the  right  fourth  vascular 
arch  appears  as  a  side  bninch  only  of  the  1101*111  (e),  which  forms  ku 
arch  on  the  left  siile  of  the  Ixxly,  and  hero  gives  rise  U)  the  carolis 
communis  sinistra  (c)  and  the  suliclavia  sin.  {//)  lis  uililitioniil  lateiiil 
branches. 

The  right  half  of  the  fifth  [sixth]  pair  of  Viiscular  ai-ches  likewise 
undergoes  degeneration,  O-vi-ept  for  the  portion  tliat  conveys  blood 
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to  the  right  lung.  On  the  left  Bide  of  the  body,  on  tlie  contrary, 
the  pulmoDnry  arch  still  perttistH  for  a  long  time  and  conductt) 
blood  into  the  left  lung  and  al^i  through  the  ductus  arteriosux 
Botolli  (»),  into  the  aorta.  After  birth,  in  connection  with 
pulmonary  reispiration,  the  duct  of  Botalu  also  degenerate!!.  For 
the  lungs,  when  they  are  expanded  by  the  first  act  of  inspiration, 
are  in  a  condition  to  receive  a  greater  quantity  of  blood.  Tlie 
consequence  is  that  blowl  no  longer  Mows  into  the  ductus  BotalU, 
and  that  the  latter  ia  converted  into  a  connective-tissue  cord, 
wbicii  extends  between  aoila  and  art.  pul- 
monalis. 

In  addition  to  the  i-e^eesive  changes 
mentioned,  there  ai-e  eSected  meantime 
alterations  of  {Ktsition  in  the  btrge  vascular 
trunks  that  ariee  from  the  heart.  They 
move  at  the  same  time  with  tlie  heart  from 
the  neck  region  into  the  thoracic  cavity.  In 
this  fact  lies  the  explanation  of  the  peculiar 
course  of  the  nervus  liiryngijun  inf.  or  re- 
currens.  At  the  time  when  the  fourth 
vascular  arch  still  bea  forward  in  the  region 
of  its  formation  in  the  fourth  visceral  arch, 
the  vagus  ^nds  to  the  larynx  a  small  nerve  ' 
branch,  which,  to  reach  its  destination, 
passes  below  [caudad  of]  the  vascular  arch. 
When  the  latttr  migrates  downwards,  the 
nervus  laryngeus  must  thereby  be  carried 
down  with  it  into  the  tborncic  cavity,  and 
must  form  a  loop,  one  portion  of  which, 
arising  in  the  thoracic  cavity  from  the  vaguK, 
bends  around  the  arch  of  the  aorta  on  the 
left  side  of  the  body  (but  around  the  subclavia 
the  body)  to  become  continuoiu  with  the  second  portion,  which  takes 
the  oppOMite  oi-  upward  course  to  the  region  of  its  distribution. 

The  processes  oF  development  discussed  also  throw  light  on  : 
of  abiiormahties  which  are  quite  frequently  ohnerved  in  the  large 
vascular  trunks.     I  shall  cite  and  explain  two  of  the  most  important 
of  these  ciLses. 

OccaBionally  in  the  territory  of  the  vensels  of  the  fourth  viHceral 
arcbtts  the  origuial  symmetrical  condition  is  retained.  The  aorta  in 
then  divided  in  the  adult  into  right  and  left  vascular  iii-clies,  wliich 
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convey  the  blood  into  the  unpaired  aorta.  From  each  of  them 
there  arises,  as  in  the  embryo,  a  separate  carotis  communis  and 
subclavia. 

Another  abnormality  is  brought  about  by  the  development  of 
the  aortic  arch  of  the  right  side  of  the  body  instead  of  that  of  the 
left,  a  condition  which  is  met  with  in  the  class  of  Birds  (fig.  319)  as 
the  normal  state.  This  malformation  is  always  connected  with  an 
altered  position  of  the  organs  of  the  chest,  a  situs  inversus  viscerum. 
Of  the  other  changes  in  the  region  of  the  arterial  S3r8tem  the 
metamorphosis  of  the  primitive  aorta  is  to  be  mentioned  befora  all 
others.  As  in  the  other  Vertebrates  (fig.  127  ao\  so  in  Man,  there 
are  formed  a  right  and  a  left  aorta;  but  they  subsequently  move 
cloKC  together  and  fuse.  This,  again,  explains  an  abnormality,  which, 
it  is  true,  has  very  rarely  been  observed  in  Man.  The  aorta  is 
divided  into  right  and  left  halves  by  means  of  a  longitudinal 
partition ;  the  process  of  fusion,  therefore,  has  not  been  fully 
effected. 

The  aorta  gives  off  at  an  early  period  as  branches  the  unpaired 
mesenterica  sup.  and  mesenterica  inf.  to  the  intestinal  canal ; 
furthermore,  near  its  posterior  end,  the  two  voluminous  navel 
vessels,  arterise  umbilicales  (i^g,  139  ilQ.  These  run  from  the  dorsal 
wall  of  the  ti-unk  along  the  sides  of  the  pelvic  cavity  ventrally  to 
that  part  of  the  allantois  which  is  subsequently  differentiated  into 
lu'inary  bladder  and  urachus,  here  bend  upward  and  pass  on  either  side 
of  the  latter  in  the  abdominal  wall  to  the  navel,  enter  the  umbilical 
cord,  and  ai-e  resolved  in  the  placenta  into  a  capillary  network,  from 
which  the  blood  is  re-collected  into  the  vensB  umbilicales.  During 
their  passage  through  the  pelvic  cavity  the  umbilical  arteries  give 
off  lateral  bi*ancbes  that  are  at  first  inconspicuous,  the  iliacie 
interna;,  to  the  pelvic  viscera,  the  iliacie  extemse  to  the  posterior 
limbs  now  sprouting  forth  from  the  trunk  as  small  knobs.  The 
more  the  latter  increase  in  size  in  older  embryos,  the  larger  do  the 
iliacae  externa;  and  their  continuations,  the  femorales,  become. 

After  giving  off  the  two  umbilical  arteries,  the  aorta  becomes 
smaller  and  is  continued  to  the  end  of  the  vertebral  column  as  an 
inconspicuous  vessel,  the  aorta  caiulalis  or  sacralLs  media. 

At  bii*th  an  important  alteration  occui>i  in  this  part  of  tlie 
arterijil  system  also.  With  the  detachment  of  the  umbilical  cord, 
the  umbilical  ai'teries  can  no  longer  i^eceive  blood ;  they  therefore 
waste  away  with  the  exception  of  the  proximal  portion,  which  has 
given  off  as  lateral  biunches  the  intenial  and  external  iliacs,  and  is 


TriE-ORlJANS   OF  THE   INTBRJIEDIATE   LiYEU  on    IIEiililNOIlYtlll.    577 

now  deaignated  a»  the  iliiieai  uommiinis.  However,  two  counet-tive- 
tissue  cords  result  fivm  thf  itegonenttiug  vessels,  the  ligiimenta 
veaiooumbiluMilia  latemlia,  which  run  to  the  navel  on  the  right  and 
left  of  the  bladder. 

((/)  Melamorijhoees  of  the  Vmtotis  System. 

The  older  excellent  worlw  of  Batuke  and  the  uioi-c  recent  meri- 
torioiiM  mvcstigationci  of  His  iind  HocHSTErrisu  constitute  the 
foHudiition  of  oui'  knowledge  in  the  dilKi^wlt  field  with  whieh  we  are 
now  concerned.  They  tihow  us  that  Qtiyhudly  aU  tij  the  cfiie/  CrunJcs 
o/l/te  veTume  tj/alem,  loilh  the  eaxeptiim  oj  the  in/erior  vena  cava,  are 
eatablu/ied  in  pairs  and  si/mmetrieaU;/.  This  holds  ti-uo  not  only  for 
the  vestielH  which  collect  the  blood  from  the  walls  of  the  trunk  and 
from  the  head,  but  also  for  the  veins  of  the  intestinal  tube  and  the 
embryonic  appentLigeti  which  arise  from  it. 

In  the  first  place,  so  far  as  i-egards  the  \'eiiiK  of  the  body,  the 
veuouH  blood  is  collecttd  from  the  head  into  the  two  jiigular  veiiu 
(fig.  320  ^  and  iig.  331  A  je,jt),  which  run  downwards  along  the 
doi'sal  side  of  the  visceral  tlefta  and  unite  in  the  vicinity  of 
the  heart  with  the  airdinal  mmu  {Iig.  iI20  vca  and  fig.  321  A  ca). 
The  latt«i'  advance  in  the  oppcKite  du-ection,  from  below  upwai'dci, 
in  the  dorsal  wall  of  the  trunk,  and  collect  the  blood  especially 
from  the  mesonephros.  There  arise  from  the  confluence  of  the 
two  veins  the  Cuvierian  ducts  (figs.  32U,  321  A  ik),  from  which 
are  subsequently  developed  the  two  superior  vena*  cavi£.  The 
veins  of  the  trunk  in  Fishee  exhibit  a  symmetrical  arrangement 
like  this  throughout  life. 

In  the  earliest  stages  the  Cuvierian  ducts  lie  for  some  distance  in 
the  lateral  wall  of  the  pericardio-pleural  cavity,  where  they  run 
downwards  fi-om  the  dorsum  to  the  front  [ventral]  wall  of  the  trunk 
(fig,  320).  On  arriving  at  this  point,  they  enter  into  the  septum 
transversum,  Kollikeb's  mesocardium  laterale,  in  order  to  reach  the 
atrium  of  the  heart.  This  important  embryonic  ^ructure  forms  a 
point  of  collection  for  all  the  vmous  trunks  emptying  into  the  heart. 
In  it  there  are  joined  to  the  Cuvierian  ducts  the  veins  from  the 
viscera  (Iig.  313  y.ojn  and  Vu,  fig.  320  dv  and  nv), — the  paired  yolk 
veins  and  umbilical  veins,— all  of  which  are  joined  into  the  common 
sinus  vonosus,  which  was  previously  (p.  658)  mentioned  aprojxjs  of 
the  development  of  the  heart,  and  which  is  idtiiatod  directly  between 
atrium  and  septum  transvei-sum. 

"Vhe  two  vitelline  veins  (v.  omphnlomuseuturicie)  ■■eturn  tiie  blood 
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from  the  yolk-ttEtc ;  they  are  the  two  oldest  and  largeKt  venous  tmnks 
of  the  body,  but  they  become  mconspicuous  in  the  same  ntio  aa  the 
yolk-sac  shrinks  to  an  umbilical  vesicle.  They  i-un  close  t<^ther 
along  the  intestinal  tube,  and  come  to  lie  at  the  (ddex  oF  the  duodenum 
and  stomach,  where  they  are  united  to  each  other  by  transverse 
anastomotKH  even  at  a  very  early  period. 

The  navel  veint>  (veufe  umbilicalee)  are  nleo  originally  douMe.  At 
first  very  timall,  they  subsequently  become,  in  contrast  with  the 
vitelline  veinx,  more  and  more  voluminous,  aa  the  placenta,  from 


which  they  convoy  the  blood  bac-k  to  the  body  of  the  embryo,  in 
furthi-r  developed.  At  the  timeof  tlii'ir  lln^t  ajiiH^imucc  thuumbiliciil 
veins  are  found  to  bo  imlMddoiI  in  the  hiteial  wall  of  the  nbdumou 
(fig.  313  Vu),  in  which  Ihuy  miiko  their  way  to  tim  septum  trans- 
versuui  luid  the  Hinus  vonosus  (<r). 

The  iuferior  v<^na  ciivu  (fig.  321  A  d)  hi  ctitabliKlutl  ItvU'r  than  miy 
of  thiim  poinnl  trunlu.  Il  niakes  it«  iipjM-aniuce  as  au  iniouEipiciiciiiM, 
from  the  beginning  unpiurcd,  vchk)!  (in  thu  Itiibbit  on  tint  twelfth 
diiy,  HocusTinTKR)  ou  the  right  uidts  of  the  noi-t<i  in  tho  tiHHue 
between  the  two  primitive  kidneys;  caudal waiils  it  is  connwUit  by 
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lateral  aiui^tomoHeK  with  the  cardinal  veiiitt.     At  the  heart  it  opens 
into  the  sinuH  venoKus, 

From  thifl  primitive  form  of  the  venoiu  syebeva  (fig.  321  A)  is 
derived  the  ultimat«  condition  in  Man.  There  are  three  changes 
which  are  conspiciiouti  in  this  connection.  (1)  The  veins  empty 
directly  into  the  atrium  instead  of  a  venous  sinus.  (2)  The  sym- 
metrical arrangement  in  the  re^on  of  the  Ouvieriiin  ducts  and  the 
jugular  and  cardinal  veins  gives  place  to  an  unt^ymmetrical  arrange- 


ment accompanied  by  a  degeneration  or  stunting  of  gome  of  the 
chief  trunks.  (3)  With  the  development  of  the  liver  there  b  formed 
a  special  portal  system. 

The  alteration  first  mentioned  is  aa^ompliBhed  by  the  incorporation 
of  the  BinuB  venosus  in  the  atriiun.  At  iSrst  enclosed  in  the  septum 
truiisversum,  the  sinuK  elevati*i  itself  iiKive  the  upper  surface  of  the 
latter,  from  which  it  detaches  itsolf,  and  comes  to  lie  as  an 
appendage  to  the  att'ium  ui  the  anterior  trunk-cavity.  Finally  it 
fuiies  completely  with  the  heart  and  furnishes  the  smooth  region  of 
the  atrial  wall,  which  is  deetitut*  of   the  pectinate  muscles  (His). 
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There  are  in  it  separate  openings  for  the  two  Cuvierian  ducts — the 
future  vensB  cavse  superioree — and  an  opening  distinct  from  them  for 
the  veins  coming  from  the  viscera  helow  (the  future  cava  inferior). 

The  metamorphoses  in  the  region  of  the  Cuvierian  ducts  hegin 
with  a  change  in  their  position.  Their  course  from  above  down- 
ward becomes  more  direct.  At  the  same  time,  like  the  sinus 
venosus,  they  emerge  from  the  niveau  of  the  transverse  septum  and 
lateral  walls  of  the  trunk  into  the  body-cavity  and  carry  before  them 
the  serous  membrane,  with  wliich  they  are  covered,  as  a  crescent- 
shaped  fold,  which  contributes  to  the  formation  of  the  pericardia] 
sac,  and  has  been  already  described  as  the  pleuro-perioardial  fold. 
By  fusing  with  the  mediastinum  the  Cuvierian  ducts  pass  from  the 
walls  of  the  trunk  into  the  latter  and  come  to  lie  nearer  together  in 
the  median  plane.  Of  their  affluents  the  jugular  veins  gradually 
predominate  over  the  cardinal  veins  (fig.  322  B).  There  are  three 
reasons  for  this.  First,  the  anterior  part  of  the  body,  and  especially 
the  bi*ain,  far  outstrips  in  growth  the  posterior  part ;  secondly,  there 
arises  in  this  region  a  competitor  of  the  cardinal  veins,  the  inferior 
vena  cava,  which  assumes  in  place  of  them  the  function  of  returning 
the  blood.  Thirdly,  when  the  anterior  limbs  are  established,  the 
vensB  subclavise  («)  empty  into  the  jugulai'es.  Consequently  the 
lower  portion  of  the  jugular,  from  the  entrance  of  the  subclavia 
onward,  now  appears  as  the  immediate  continuation  of  the  Cuvierian 
duct,  and  together  with  it  is  designated  as  superior  vena  cava 
(Bg.  322  B  csd). 

There  exists  between  the  right  and  left  sides  a  diffei*ence  in  the 
course  of  the  superior  vense  cavse,  which,  as  Gegenbaur  has  pointed 
out,  is  the  cause  of  the  asymmetry  that  is  developed  in  Man. 
While  the  right  vena  cava  superior  (tig.  322  B  cad)  descends  more 
directly  to  the  heart,  the  left  {caa)  describes  a  somewhat  longer 
course.  Its  terminal  portion  is  bent  from  the  right  to  the  left 
aroiuid  the  posteiior  [dorsal]  wall  of  the  atrium,  where  it  is  imbedded 
in  the  coronal  furrow  and  receives  the  blood  from  the  coronal  vein 
(cc)  of  the  heart. 

In  Keptiles,  Birds,  and  many  Mammals  a  stage  of  this  kind,  with 
two  vena:  cavse  superiores,  becomes  pernmnent;  in  Man  it  exists 
only  during  the  first  months.  Then  there  is  a  partial  degeneration 
of  the  left  vena  cava  superior.  The  degeneration  is  initiated  by  the 
formation  of  a  tninsverse  anastomosis  (fig.  322  B  aa)  between  the 
right  and  left  trunks.  This  conveys  the  blooil  from  the  left  to 
the  right  side,  whei'e  the  conditions  are  more  favorable  for  the 


THE   OROANa   OF   THE   IKTBRMEDIATE  LATER   OR    MRBENCHYME.    681 

return  ot  the  blood  to  thn  hwirt.  In  conBajiiencP  of  thia  the 
prosimal  end  of  the  right  ciiva  becomw  much  larger,  the  left,  on 
the  contrary,  pi-oportionat«ly  Hinaller.  Finally,  tliei-o  is  a  complet* 
wajiting  away  of  the  latter  blood  course  (fig.  322  C  /as)  as  far  as  the 
terminal  part  (oc),  which  in  lodged  in  the  coronal  groove.  This  part 
remains  open,  becaiiRe  the  cardiac  veins  convi-y  blood  to  it,  and  is 
now  distinguished  as  dniis  coronariuR. 

A  proccRR  in  many  reapecta  similar  to  thia  is  repeated  in  the  cane 
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of  the  cardinal  veins  (&g.  323  A  ca).  The  latter  collect  the  blood 
from  the  primitive  kidneys  and  the  posterior  wall  of  the  trunk,  from 
the  pelvic  cavity  and  the  posterior  limbs,  From  the  peine  cavity 
they  receive  the  venie  bypc^aetriae  {Hi),  and  from  the  limbs  the 
V.  iliacas  externie  (ifc)  and  their  continuation,  the  v.  cruralea.  In  this 
way  the  cardinal  veins  are  at  firat,  aa  in  Fishes,  tho  chief  collecting 
trunks  of  the  lower  half  of  the  body.  Subsequently,  however,  they 
dimini-th  in  importance,  since  the  inferior  vena  cava  becomeci  the 
main  collecting  trunk  instead  of  them. 

It  is  only  within  the    last  few  years  that  the  development  of  the 
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inferior  vena  cava  ha^  been  (by  Hochstetter)  explained.  According 
to  his  inveHtigationB  there  are  to  be  distinguished  two  tracts  which 
are  of  different  origin,  a  shorter  anterior  and  a  longer  poeterior. 
The  former,  as  previously  mentioned,  makes  its  appearance  as  an 
inconspicuous  vessel  on  the  right  side  of  the  aorta  in  the  tissue 
between  the  two  primitive  kidneys  (fig.  322  ^4  and  B  ci) ;  the  latter, 
on  the  contrary,  is  developed  subsequently  out  of  the  posterior  region 
of  the  right  cardinal  vein  (fig.  322  B  ci  ^.  The  anterior,  inde- 
pendently arising  part  of  the  inferior  vena  cava,  soon  after  its 
establishment,  unites  with  the  two  cardinal  veins  by  means  of 
transverse  branches  in  the  vicinity  of  the  vena  renalis  (r).  In  con- 
sequence of  this  increase  of  drainage  territory,  it  soon  increases  con- 
siderably in  calibre,  and  since  it  presents  more  favorable  conditions 
for  the  conveyance  of  blood  from  the  lower  half  of  the  body  than 
the  up})er  portion  of  the  cardinal  veins  does,  it  finally  becomes  the 
chief  conduit. 

If  the  stage  thus  far  described  were  to  become  the  permanent 
condition  (fig.  322  B),  we  should  have  an  inferior  vena  cava,  which 
forks  in  the  region  of  the  renal  veins  (r)  into  two  parallel  trunks, 
that  descend  at  both  sides  of  the  aorta  to  the  pelvis.  Such  cases,  as 
is  known,  are  found  among  the  varieties  of  the  venous  system ;  they 
are  derived  from  the  previously  described  stages  of  development  as 
malformations  by  arrested  growth.  However,  they  are  only  rarely 
observed,  for  in  the  normal  course  of  development  there  is  established 
at  an  early  period  an  asymmetry  between  the  lower  portions  of  the 
two  cardinal  veins,  from  the  moment,  indeed,  when  they  have  united 
themselves  to  the  lower  part  of  the  inferior  vena  cava  by  means  of 
anastomoses.  The  right  portion  acquires  a  preponderance,  liecomcs 
enlarged,  and  finally  alone  persists  (fig.  322  B,  C),  whereas  the  left 
lags  l)ehin(l  in  growth  and  withers.  This  results  from  two  conditions. 
First,  the  right  cardinal  vein  (ci^)  lies  more  in  the  din^ct  prolongation 
of  the  vena  cava  inferior  than  does  the  left,  and  thus  occupies  a 
more  favorable  situation ;  secondly,  there  is  formed  in  the  pehnc 
n»gion  an  anastomosis  {ilea)  between  the  two  cardinal  veins,  which 
conducts  the  blood  of  the  left  hypogastrica  and  the  left  iliaca  oxtc^ma 
and  cruralis  to  the  right  side.  Owing  to  this  anastomosis,  which 
becomes  the  vena  iliaca  communis  sinistra,  the  portion  of  the  left 
cardinal  vein  lying  between  the  renal  veins  and  the  pelvis  (fig.  322 
C  ca^)  is  rendered  functionless,  and  with  the  degeneration  of  the 
primitive  kidney  disappears.  The  right  cardinal  vein  has  now 
become  for  a  certain  distance  a  direct  continuation  of  the  inferior 
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voniL  cava ;  it  fiiraiafaes  that  jwrtion  of  the  latter  whicli  ia 
aiiimteit  botwoen  the  renal  veitvt  nni)  tlie  division  into  tbe  two  venK 
iliacat  coromiinLs  (fig.  323  B  and  C  ci'). 

Whi\o  tht'  abdominal  part  of  tho  left  cardinal  vein  (fig,  322  Ccn*) 
fiticcnmbH  and  the  corresponding  region  of  the  right  cardinal  vein 
protUicps  the  lower  part  of  the  inferior  vena  cava  (oi'),  their 
Ihoracic  portions  pendiit  in  a.  reduced  foi-ni,  Nince  they  receive  the 
Wood  from  the  intercost-al  spaces  (fig.  322  fl  cit).  In  this  region 
occure  atill  another  itnd  laat  naetamorphoHLi,  by  which  likewise  an 
ru^ymnietry  is  brought  about  between  the  halves  of  the  body.  In  the 
thoracic  part  of  the  body  the  original  conditions  of  the  circulation  are 
iiltored  by  the  degeneration  of  the  left  eava  superior  (fig.  322  C  eu). 
The  dii'ect  flow  of  the  left  cardinal  vein  to  the  atrium  ia  thereby 
rendered  more  dilliciiitT  and  finally  ceasM  altogether,  the  tract  desig- 
nated by  oa^  undergoing  complete  degeneration.  Meanwhile  a  trauR' 
verse  anastomosis  (/«'),  which  has  been  formed  in  front  of  the 
vertebral  column  and  bpliind  the  aorta  between  the  corresponding 
vessels  of  hotii  sides,  receives  the  blood  of  the  left  side  uf  the  l)ody 
and  transports  it  to  the  right  side.  In  thi*  manner  the  thoracic 
part  of  the  left  caittinal  vein  and  its  anastomosis  become  the  left 
hemioKygoH  (As  and  /i'');  the  right  and  larger  cardinal  vein  becomes 
the  naygos  (us). 

Thus  by  many  indirect  ways  in  attained  the  permanent  condition 
of  the  venous  system  of  the  trunk,  with  its  asymmetry  and  its 
preponderance  of  the  venotw  trnnks  in  the  right  half  of  the  body. 

A  third  series  of  metamorphoses,  which  we  sliall  now  take  into 
conidderotion,  concerns  the  development  of  a  Iwer  dreiilalion. 

The  liver  receive  its  blood  in  different  stages  of  the  embryonic 
development  from  various  sources ;  for  a  time  from  the  vitelline 
veins ;  during  a  second  period  from  the  umbilical  veins ;  after 
birth,  finally,  from  the  veins  of  the  intCHtines — the  portal  vein. 
Thit  threefold  alteration  ftuls  its  ex^^nation  in  the  oondUtona  of 
t/rowth  of  the  liver,  the  t/olk-mc,  and  the  plaeenta.  An  long  as  the 
liver  is  small,  the  blood  coming  from  the  yolk-sac  suffices  for  its 
nourishment.  But  when  it  increases  greatly  in  sizi? — the  yolk-sac, 
on  the  contrary,  growing  smaller — other  blood -veasels  at  tliis  time, 
the  umbilical  veins,  mu.it  supply  the  deficiency.  When,  finally,  at 
liirth  the  placental  circulation  ceases,  the  venous  trunks  of  the 
intestinal  canal,  which  meanwhile  have  become  very  large,  can 
supply  the  needs. 

These  circ«mst;i,ncos  must  be  kept  in  mind,  in  order  to  comprehend 
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the  shifting  conditions  of  circulation  in  the  liver  and  the  profound 
alU'rjitionH  U^  \vhi<*h  the  venous  trunks  connected  with  it — the 
vitelline,  umbilical,  Jind  i)ortal  veins — ^are  naturally  subjected  in 
the  changing  supply  of  blood. 

When  the  hepatic  ducts  grow  out  from  the  duodenum  into  the 
ventral  masentery  and  septum  transversum  and  send  out  shoots, 
they  enclose  the  two  vitelline  veins  accompanying  the  intestine, 
which  are  at  this  place  connected  with  each  other  by  ring-like 
anastomoses  (sinus  annularis,  IIis)  which  surround  the  duodenum 
(fig.  320  dv).  They  are  supplied  with  blood  by  lateral  branches 
given  off  from  these  veins.  The  more  the  liver  increases  in  size,  the 
larger  do  the  lateral  branches  (vene  hepaticie  advehentes)  become. 
Between  the  network  of  hepatic  cylinders  (fig.  187  Ic)  they  are 
resolved  into  a  capillary  network  (^),  from  which  at  the  dorsal 
margin  of  the  liver  large  efferent  vessels  (vona;  hepaticse  revehentes) 
re-coUoct  the  blood  and  convey  it  back  into  the  terminal  portion  of 
the  vitelline  vein,  which  empties  into  the  atrium.  In  consequence 
of  this  the  portion  of  the  vitelline  vein  which  lies  between  the 
venie  hepaticse  advehentes  and  revehentes  continually  becomes  smaller, 
and  finally  atrophies  altogether,  since  all  the  blood  from  the  yolk-sac 
is  employed  for  the  hepatic  circulation.  The  same  process  in  the 
main  is  accomplished  here  as  in  the  vessels  of  the  visceral  arches  of 
gill-breathing  Vei'tebrates,  which  upon  the  formation  of  branchial 
lanit'llse  are  convei*tod  into  branchial  arteries,  branchial  veins,  and  a 
capillary  network  interpolated  between  the  two. 

The  two  umbilical  veins  participate,  oven  at  an  early  period,  in 
the  hepatic  circulation.  Originally  they  run  from  the  umbilical 
cord  in  the  front  [ventral]  v)aU  of  ths  abdomen  (fig.  313  Fw),  from 
wliich  they  receive  lateral  branches,  and  then  enter  the  sinus 
venosus  (^SV)  alcove  the  fundament  of  the  liver,  Thoy  pursue,  there- 
fore, an  entirely  different  course  from  that  which  they  do  later, 
when  the  terminal  part  of  the  umbilical  voin  is  situated  vnder  the 
liver.  According  to  His,  this  change  in  their  course*  tiik(\s  place  in 
the  following  manner :  The  right  umbilical  vein  in  part  atrophies 
(as  also  in  the  Chick,  p.  552)  and  becomes,  jis  far  as  it  persist^s,  a 
vein  of  the  ventral  wall  of  the  abdomen.  Tlie  left  umbilical  vein, 
on  the  contrary,  gives  off  anastomoses  in  the  septum  transversum  to 
n(?ighl)oring  veins,  one  of  which  makes  its  way  under  tlie  liver  to 
the  sinus  annularis  of  the  vitelline  v€»ins,  and  thereby  conducts  a 
part  of  the  placental  blood  into  the  hepatic  circulation.  Since  by 
its  i*apid  growth  the  liver  tlemands  a  large  accession  of  blood,  the 
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nnaHtoiiiosis  booh  betwraefl  the  rhief  course,  and  finally  with  the 
degeiieratiuu  of  the  originiil  trai't  receives  i^ll  the  blood  of  the 
umbiUca]  veins,  This,  mingled  with  the  blood  of  the  yolk-sac, 
circiilateR  through  the  liver  in  the  Msnek  which  took  their  origiii 
from  the  vitelline  veins — in  the  veme  hepaticte  advchentes  and 
reveheatea  Then  it  Sown  into  the  atrium  through  the  terminal 
piirt  of  thfi  vitfllline  vein.  The  Ifttter  also  K«eives  the  inferior  vena 
cava,  which  at  this  time  is  st.ill  inconspicnoHS,  and  cun  therefore 
be  designated  even  now,  in  view  of  the  ultimivte  condition,  as  the 
cardiac  end  of  the  inferior  vena  cava. 

During  a  brief  period  ail  of  the  placental  blood  niwai  first  traverse 
(Ae  hepatic  circuit  in  order  to  rwicA  t/ie  heart.  A  direct  j 
the  inferior  imna  cava 
throuyh  ifie  ductus  vejio- 
nta  Arantii  does  not  i/et 
exist.  Bnt  such  nn  out- 
let becotnea  necessary 
from  the  moment  when, 
by  the  giwwth  of  the 
embryo  and  the  pla- 
centa, the  blo»l  of  the 
nmbihcal  veins  hafl  c 
increased  in  amount 
that  the  hepatic  circu- 
lation is  no  longer  able  *  ''■  '■"*  i""!"''"  "'»ii"»:  '-f.  «'»  inferior;  f.r. 

.      ,      ^,  UnuldsJ  pun  of  the  onv.  infBior,  which  n>«ii«  the 

to  contain  it.     There  is  v.Di(ih>iMii«>nT>)iimt«(A.r). 

then  developed  on  the 

nnder  Mui-fnce  of  the  liver  out  of  anastomoses  a  more  direct 
connecting  branch,  the  ductus  venosus  Arantii  {fig,  333  d.A), 
between  umbilical  vein  (;t.r)  and  inferior  vena  caca  {e.i").  Thus  Ls 
eetablished — and  it  persLsts  until  birth^a  condition  by  which  the 
placental  blooil  {n.v)  is  divided  at  the  porta  into  two  currents : 
one  passing  through  the  ductus  venoMUS  Arantii  (<LA)  ijito  the 
uiferior  vena  cava  (e.i ") ;  the  other  pui-siiing  a  round-about  way, 
pa»Hing  through  the  vense  hepaticie  advehentos  {hti.s  and  ha.d) 
into  the  liver,  here  mingling  with  the  blood  brought  to  the  liver 
through  the  vitelline  vein  {pf.a)  from  the  yolk-nac  anil  from  the 
intestinal  canal,  u'hich  hnfl  in  the  meantime  become  enlarged,  and 
finally  passing  through  the  venro  hepaticre  revehentes  {h.r),  also  to 
reach  the  inferior  vena  cava  {e.i"). 

There  is  still  something  to  be  added  concerning  /Ae  developmeitt  of 
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the  portal  vein.  It  is  to  be  seen  in  fig.  323  as  an  unpaired  vessel 
{pf»ci).  It  <'niptioa  into  the  right  afforont  Jiopatic  vein,  derives  \U^ 
roots  from  the  region  of  the  intestinal  canal,  and  conveys  the  venons 
blood  from  the  latter  into  the  right  lobe  of  the  liver.  It  takes  its 
origin  from  the  two  primitive  vitelline  veins. 

According  to  the  account  of  His,  the  two  \'itolline  veins  fuse  along 
the  tract  whore  they  run  close  together  on  the  intestinal  canal ;  on 
the  contrary,  in  the  region  where  they  run  to  the  liver  and  are 
connected  with  each  other  to  form  two  ring-like  anastomoses,  each  of 
which  encircles  the  duodenum,  an  unpaired  trunk  is  formed  by  the 
atrophy  of  the  right  half  of  the  lower  [posterior]  ring  and  the  left 
half  of  the  upper  one.  The  portal  vein  thus  formed  therefore  runs 
first  to  the  left  and  backward  [dorsadj  around  the  duodenum,  and 
then  emerges  on  the  right  side  of  it ;  it  draws  its  blood  partly  f I'om 
the  yolk-sac  and  partly  from  the  intestinal  canal  through  the  vena 
meeenterica.  Afterwards  the  first  source  is  exhausted  with  the 
regressive  metamorphosis  of  the  yolk-sac,  but  the  other  becomes  more 
and  more  productive  with  the  enlargement  of  the  intestine,  the 
pancn^as,  and  the  spleen,  and  during  the  last  months  of  pregnancy 
conveys  a  largo  stream  of  blood  to  the  liver. 

The  additional  changes,  which  occur  at  birth,  are  easily  compre- 
hended (fig.  323).  With  the  detachment  of  the  aftor-birth  the 
placental  circulation  ceases.  Tlie  umbilicjil  vein  (n.v)  convej's  no 
more  blood  to  the  liver.  That  portion  of  its  tract  which  extends 
fi-om  the  umbilicus  to  the  porta  hepatis  degenerates  and  liecomes  a 
fibrous  ligament  (the  lig.  hepato-umbilicale  or  lig.  teres  hepatis). 
Likewise  the  ductus  Arantii  {d.A)  pro<luces  the  well-known  ligament 
enclosed  in  the  left  sagittal  fissure  (lig.  venosum).  The  right  and 
left  vena)  hepaticie  advohentes  (Jia.d,  ha,8)  again  receive  their  blcxnl, 
as  in  the  l)eginning  of  the  development,  from  the  intestinal  canal 
through  the  {wHal  vein  (p/^a). 

Now  that  we  have  become  acquainted  with  the  details  of  the 
morphological  changes,  I  close  this  section  on  the  vascular  syst<^ui 
with  a  shoH  aketdi  of  the  faUd  circulation  of  tlie  hlood.  It  is  cha- 
racteristic of  this  that  no  division  into  two  separate  circulations,  into 
the  major  or  systemic  and  the  minor  or  pulmonary,  has  yet  taken 
place ;  further,  that  in  most  of  the  vessels  neitlier  purely  arterial  nor 
purely  venous  blood  circulates,  but  a  mixture  of  the  two.  Purely 
arterial  blood  is  contained  only  in  the  umbilical  veins  as  they  com(^ 
from  the  placenta,  whence  we  will  follow  the  circulation. 

Having  arrived  at  the  liver,  the  current  of  the  umbilical  veins  Ls 
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divided  into  two  branchcfl.  Qua  streAm  goes  direetly  throtiKh  the 
ductiirt  Aninlii  into  tho  inferior  vena  cava,  sind  is  hero  mingled  with 
the  venoiiH  lilnod  which  rcrtnms  to  the  heart  from  the  jtoeterior  limbs 
and  the  kidueyx.  The  other  stream  piunes  through  the  liver,  where 
there  ia  adile«l  to  it  tho  venous  blood  of  the  portal  vein  coming  from 
the  intestine;  bj"  thin  circnitouR  coni'so  it  also  rfnches,  throngh  the 
veniB  hepatiese  revehentes,  the  infeiior  vena  cnvn.  From  the  hitter 
the  mised  blood  flown  into  the  right  atrium,  but,  in  consetjuence  of 
tho  position  of  tho  EtiHtachisn  valve  and  becatiBo  the  foramen  ovale 
is  still  open,  the  greater  part  of  it  passes  through  the  latter  into  the 
left  atrium.  The  other  anialler  part  is  again  mingled  with  venous 
blood,  whieh  haa  been  eollectod  by  the  superior  vena  cava  from  tho 
bead,  the  upper  limbs,  and  (through  the  azygos)  from  the  walls  of 
the  trunk,  and  is  pi-opelled  into  the  right  ventricle  and  from  there 
into  the  pulmonalia.  The  latter  sends  a  part  of  it«  highly  venous 
blood  to  the  lungs,  the  other  part  through  the  ductus  Botalli  to  the 
noi-ta,  where  it  is  added  to  the  arterial  eturent  coming  from  the  left 
ventricle. 

The  blood  of  the  left  ventrirle  comes  principally  from  the  inferior 
cava,  only  a  small  part  of  it  from  the  lungs,  which  pour  their  blood, 
which  at  this  time  is  venous,  into  tho  left  atrium.  It  is  driven  into 
the  aortic  areh  and  part  of  it  is  giveii  off  through  lateral  branches  to 
the  head  and  upper  limhs  (carotis  comniuni.';,  subclavia)  ;  the  rest  is 
carried  on  downwards  in  the  aoria  deacendens,  where  the  venous 
current  of  blood  from  the  right  atrium  by  the  way  of  the  ductus 
Botalli  is  united  with  it.  The  mixed  blood  is  distributed  to  the 
intestinal  eanitl  and  the  tower  limbs,  but  the  most  of  it  reaches  the 
placenta  through  the  umbihe&l  veins,  where  it  is  again  made  arterial. 

In  the  distribution  of  the  blonl  in  tlie  anterior  and  the  posterior  n^ons 
of  the  body  n  noteworthy  dilTurenco  Is  caailj  rocc^isccl.  The  former  receives 
through  the  carotis  and  Bubclavln  a  more  ortoriHl  blood,  since  to  tho  slream  in 
the  aorta  deacendens  is  a(lde<l  ttie  venoas  blood  oF  the  right  vontriolc  through 
the  ductas  Botalli.  Etipedally  in  tho  middle  of  pretrnancy  is  this  dlSerenco 
important.  There  hos  been  an  cndcat'or  to  refer  to  tbis  fact  the  more  rapid 
(Crowth  of  the  upper  part  of  the  i>ody  in  comparition  with  the  lower. 

Ab  this  sketch  has  .^bown,  there  is  everywhere  a  mingling  of  the 
different  kinds  of  blood.  Tliia,  it  is  true,  is  not  uniform  in  the  different 
months  of  embryonic  life,  because,  indeed,  the  separate  organs  do  not 
alter  in  size  uniformly,  and  especially  because  the  lungs  during  the 
later  stages  are  in  a  condition  to  receive  more  blood,  and  finally 
because  the  foramen  ovale  an<l  the  durtus  Botalli  become  narrower 
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during  the  last  months.  On  account  of  these  facts,  less  blood 
passes,  even  before  birth,  from  the  inferior  vena  cava  into  the  left 
atrium,  and  likewise  less  from  the  pulmonary  artery  into  the 
descending  aorta,  than  was  the  case  in  earlier  months.  Thus  there 
is  gradually  introduced  toward  the  end  of  pregnancy  a  separation 
into  a  right  and  a  left  heart,  with  their  separate  blood-currents 
(Hasse).  But  it  is  almost  at  a  single  stroke  that  this  separation,  in 
consequence  of  birth,  becomes  complete. 

Great  alterations  are  now  brought  about  by  the  beginning  of 
pulmonary  respiration  and  by  the  cessation  of  the  placental  circulation. 
Both  events  cooperate  to  increase  the  blood-pressure  in  the  left 
heart,  and  to  diminish  that  in  the  right.  The  blood -pressure  becomes 
reduced  because  no  more  blood  runs  into  the  right  atrium  from  the 
umbilical  vein  and  because  the  right  ventricle  must  furnish  more 
blood  to  the  expanding  lungs.  In  consequence  of  this  the  ductus 
Botalli  (fig.  318  n)  is  closed  and  then  converted  into  the  ligamentum 
Botalli.  Since,  moreover,  a  greater  quantity  of  blood  now  flows 
from  the  lungs  into  the  left  atrium,  the  pressure  in  the  latter  is 
increased,  and  since  at  the  same  time  the  pressure  is  diminished  in 
the  right  atrium,  the  closure  of  the  foramen  ovale^  owing  to  the 
peculiar  valvular  arrangements,  is  now  efiected.  For  the  margin  of 
the  valvula  foraminis  ovalis  applies  it^lf  firmly  to  the  limbus 
Yieussenii  and  fuses  with  it. 

By  the  closure  of  the  oval  foramen  and  the  Botailian  duct  the 
division  of  the  blood -current  into  a  major,  systemic  circuit  and  a 
minor,  pulmonary  circuit,  which  was  initiated  before  birth,  is  now 
completed. 

Summary. 
Development  of  the  Heart, 

1.  In  the  first  fundament  of  the  heart  two  difforont  typos  can  be 
distiuguished  in  Vertebrates. 

First  Tifpe,  In  CJyclostomos,  Selachians,  Ganoids,  and  Amphibia 
the  heart  is  develope<l  from  the  beginning  as  an  unpaired 
structure  on  the  under  [ventral]  surface  of  the  cavity  of 
the  head-gut,  in  the  ventral  mesentery,  which  is  thereby 
divided  into  a  mesocardium  anterius  and  posterius. 

Second  Type,  In  Birds  and  Mammals  the  heart  is  developed 
out  of  separate  halves,  which  afterwards  fuse  with  each 
other  into  a  single  tube,  which  then  has  the  same  position 
as  in  the  first  type. 
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2.  The  second  type  is  to  be  derived  from  the  Hrat,  und  is  expluia- 
able  an  an  adaptation  to  the  great  size  o!  the  yolk,  in  that  the  he&rt 
ie  eatablifihed  at  u.  time  when  the  splanchuopleure  is  fittll  spread  out 
flat  upon  the  yolk  and  in  not  yet  folded  together  to  form  the  head- 
gut. 

3.  The  cells  which  ai*  united  to  form  the  endothelium  of  the 
heart  are  xplit  off  from  a  proliferating,  thickened  place  of  the 
entoderm. 

i.  The  heart  is  lirat  estahliiihed  in  all  Vertebrates  in  the  cervico- 
cephalic  region  behind  the  lust  visceral  ai-oh. 

5.  The  jKJsterior  or  venoun  end  of  the  single  cardiac  tube  receives 
the  blood  from  the  body  thi-ough  the  omphalomesenteric  veina ;  the 
anterior  or  arterial  end  gives  u£E  the  blood  to  the  body  through  the 
trunciiH  art«noauN. 

6.  In  the  amniotic  Vertebrates  the  single  cardiac  sue  is  converted 
by  a  series  of  metamorphoses — (1)  by  flexures,  constrictions,  and 
changes  of  position,  and  (2)  by  the  formation  of  partitions  inside  of 
it — into  a  heart  composed  of  two  ventricles  and  two  attia. 

7.  The  straight  sac  afflntQes  the  form  of  a  lettor  S. 

8.  The  venoua  portion  of  the  S  comes  to  lie  more  dorsal,  the 
art«rial  moi-e  ventral ;  the  two  are  marked  ofT  from  each  other  by  a 
constriction,  the  auiiculai-  canal,  and  are  now  to  be  distinguished 
as  atrium  and  ventricle. 

9.  The  venous  portion  or  the  atrium  forms  lateral  evaginations, 
the  aiuTcles  of  the  heart,  which  surround  from  behind  the  truucus 
arteri»ius, 

10.  The  formation  of  partitions,  hy  which  atrium,  ventricle,  and 
truncus  arteriosus  are  divided  into  right  and  left  halves,  begins  at 
three  different  plates. 

(a)  First  of  all,  the  atrium  is  divided  by  an  atrial  partition  into 

a  right  and  a  left  half ;  but  the  separation  is  incomplete, 
since  there  exists  a  passage  in  the  partition,  the  foramen 
ovale,  which  remains  open  up  to  the  time  of  birth. 

(b)  By  ite  downward  growth  the  atrial  partition  reaches  the 

auricular  canal  (sejitum  intermedium  of  Hib)  and  divides 
the  opening  in  it  into  a  right  and  left  ostium  atrioven- 
tticulare. 
(«)  The  ventricle  Ls  divided  into  I'ight  and  left  halves  by  a 
partition  (t«ptum  ventriculi)  beginning  at  the  apex  of 
the  heart ;  the  division  is  also  indicated  externally  by  the 
sulcus  inter ventricularis. 
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(d)  The  tnincus  arteriosus  is  divided  into  pulmonary  artery  and 
aorta  by  the  development  of  a  special  partition,  which 
begins  above,  grows  downward,  and  joins  the  ventricular 
partition. 

(js)  The  complete  separation  of  the  atria  first  takes  place  after 
birth  by  the  permanent  closure  of  the  foramen  ovale. 

11.  At  the  ostium  atrioventriculare  and  at  the  ostium  arteriosum 
the  first  fwidaments  of  the  valves  are  formed  as  thickenings  of  the 
endocardium  (endocardial  cushions)  projecting  inward. 

Developntent  o/t/ie  Chief  Arterial  Trunks  of  Man  and  Mam/naU. 

12.  From  the  truncus  arteriosus  there  arise  five  pairs  of  visceral - 
arch  vessels  (aortic  arches),  which  run  along  the  visceral  archtMS, 
embrace  the  head-gut  laterally,  and  unite  doi*sally  to  form  the  two 
primitive  aortse. 

13.  The  two  vessels  fuse  at  an  early  period  to  form  the  unpaired 
aorta  lying  under  the  vertebral  column. 

14.  In  Mammals,  of  the  five  pairs  of  visceral-arch  vessels  the  first 
and  second  degenerate  ;  the  third  furnishes  the  proximal  part  of  the 
carotis  interna ;  the  fourth  arch  becomes  on  the  left  side  the  aortic 
arch,  on  the  right  side  the  arteria  anonyma  brachiocephalica  and 
the  proximal  part  of  the  subclavia  ;  [the  fifth  early  disappears  ;]  the 
iifth  [sixth]  arch  gives  off  bittnclies  to  the  lungs,  and  becomes  the 
pulmonary  artery,  but  on  the  left  side  remains  until  the  time  of 
birth  in  open  communication  with  the  aortic  arch  through  the 
ductus  Botalli,  whereas  the  cori^esponding  portion  on  the  right  side 
atrophies. 

15.  After  birth  the  ductus  Botalli  is  closed  and  converted  into  the 
ligament  of  the  same  name. 

16.  From  the  aorta  two  pairs  of  large  arterial  trunks  go  to  the 
fcetal  membranes — to  the  yolk-sac  the  vitelline  arteries  (arteriae 
omphalomesentericas),  to  the  allantois  and  placenta  the  umbilical 
arteries. 

17.  The  vitelline  arteries  subsei've  the  vitelline  circulation,  and 
afterwards,  with  the  re<luction  of  the  umbilical  vesicle,  degenerate. 

18.  The  umbilical  arteries,  which  continually  become  larger  with 
the  increasing  development  of  the  placenta,  aiise  from  the  lumbar 
l)ortion  of  the  aoi-ta,  pttss  forward  [ventral]  in  the  lateral  wall  of  the 
pelvis,  then  at  the  side  of  the  bladder  and  along  the  inner  sui-face  of 
the  abdominal  wall  to  the  umbilii^us  and  umbilical  cord. 


THE  UEGANS   Of  TUB   IKTBRMEDIATE    LAYER  OH   MEgKNCHYME.    591 

19.  "Hie  umbilical  ui-t«ries  give  off  the  iliaca  inMrna  to  the  cavity 
[  of  the  pelvis,  the  illoca  estei'tia  to  the  lower  limbic. 

20.  Aftet'  birth  the  umbilical  u.i'toi'y  degenerates  into  the  ligamen- 
tuni  vesioo-mubilicale  latarde,  with  the  exception  of  its  proximul  (lart, 
which  peitunttt  as  the  iliaca  c 


I 


Develoyiitent  of  Uie  Chief  Venous  Trujika. 

21.  With  the  exception  of  the  inferior  vena  cava,  oU  venous  trunks 
are  eutabliidied  in  pairs. 

22.  The  two  jugulars  collect  the  blood  from  the  heoil,  the  two 
cai'dinula  from  the  trunk,  but  especially  from  the  primitive  kidneys. 

33.  The  jugular  and  cardinal  veins  of  either  tdde  uiut«to  form  the 
Cuvierian  ducts,  which  pass  tiunsversely  from  the  lat«ral  wall  of  the 
trunk  to  the  posterior  eiid  of  the  heart,  imbedded  in  a,  transverse  fold 
of  the  front  wall  of  the  trunk,  the  septum  transversum. 

34.  The  two  vitelline  veins  collect  the  blood  from  the  yolk-sac ; 
from  the  navel  onward  they  run  in  the  ventiul  meseotery  to  the 
septum  transvereum. 

25.  The  two  umbilical  velmi  collect  the  blood  from  the  placenta ; 
fi-om  the  attachment  of  the  luubiliuJ  eord  they  nm  at  first  in  the 
abdominal  wall  to  the  transverse  septum. 

26.  In  the  septum  trausvenjum  the  Cuvierian  iluct«  and  the 
vitelline  and  umbilical  veins  unite  to  form  the  sinus  reunieiu<,  which 
Hubeequentiy  disappi^ars  as  an  independent  structure  and  Is  in- 
corporated in  the  atrium. 

27.  The  cardinal  veins  diminiwh  in  importance  (1)  in  consequence 
of  the  degeuei-ation  of  the  primitive  kidneys,  and  (2)  from  the  fact 
that  the  blood  from  the  lower  half  of  the  body  is  conveyed  baek  to 
the  heart  by  tlie  inferior  vena  cava. 

28.  The  uppei'  pai-t  of  the  inferior  vena  cava  arises  as  an  unpaired, 
independent  vessel  between  the  two  canlinal  veins,  and  tlien,  at  the 
place  where  the  renal  veins  empty  in,  unites  with  the  right  cardinal 
vein.  The  latter  is  in  this  way  convei'ted  into  the  lower  poi-tion  of 
ttiie  inferior  cava. 

39.  The  Cuvierian  ductH  with  the  beginning  of  tbe.jugulnr  veins 
are  designated  as  the  vuuiu  cavai  sujieriores. 

30.  An  asymmetry  in  the  embiyonic  venous  ti-unks,  which  are 
eiilablisbed  in  puim,  is  bi'ouglit  about  by  the  fact  that  the  two 
superior  venie  cava^,  and  also  at  theii-  middle  the  I'euinants  of  the 
two  cardinal  veins,  are  joined  together  by  transverse  trunks. 
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31.  Since  through  these  cross  anastomoses  more  and  more  of  the 
blood,  and  finally  the  whole  of  it,  is  conveyed  from  the  trunks  of  the 
left  half  of  the  body  into  those  of  the  right  half,  the  proximal  part 
of  the  left  superior  vena  cava,  except  a  small  portion,  which  lies  in 
the  coronary  groove  of  the  heart,  degenerates,  receives  the  cardiac 
veins,  and  becomes  the  sinus  coronarius  cordis.  Likewise  the  cardiac 
end  of  the  left  cardinal  vein  disappears. 

32.  From  the  paired  fundaments  of  the  venous  trunks  ai*e  formed 
the  single  superior  vena  cava,  the  sinus  coronarius  cordis,  and  the 
vena  azygos  and  hemiazygos. 

33.  The  vitelline  veins,  which  afterwards  become  unpaired,  give 
rise,  when  the  liver  is  developed,  to  the  portal  circulation  (the  venae 
hepatic®  advehentes  and  revehentes). 

34.  The  umbilical  veins,  of  which  the  right  early  degenerates,  origi- 
nally run  in  the  abdominal  wall  (ibove  the  liver  to  the  sinus  reunions ; 
then  the  left  forms  an  anastomosis  with  the  vitelline  vein  under  the 
liver,  whereby  its  current  shares  in  the  portal  circulation. 

35.  There  arises  out  of  an  anastomosis  between  the  umbilical  vein 
and  the  cardiac  end  of  the  inferior  vena  cava  on  the  under  surface 
of  the  liver  the  ductus  venosus  Arantii,  which  results  in  the  division 
of  the  blood  of  the  umbilical  vein  into  two  currents. 

36.  After  birth  the  umbilical  vein  degenerates  into  the  ligamentum 
teres  hepatis,  and  the  ductus  venosus  Arantii  is  obliterated ;  the  vense 
hepaticte  advehentes  now  receive  their  blood  from  the  terminal  part 
of  the  original  vitelline  vein  or  the  portal  vein  only,  which  collects 
the  blood  from  the  intestinal  canal. 

37.  The  septum  transversum,  in  which  run  the  venous  trunks  on 
their  way  to  the  heart,  is  the  starting-point  for  the  development  of 
the  diaphragm  and  the  pericardial  sac,  and  forms  at  first  an  incom- 
plete partition  between  the  abdominal  cavity  and  pleuro-pericardial 
cavity,  which  still  communicate  with  each  other  on  either  side  of 
the  vertebral  column. 

38.  The  i)ericardial  sac  is  separated  off  from  the  thoittcic  cavity 
as  follows  :  (1)  the  Cuvierian  ducts  or  future  superior  vense  cavce, 
instead  of  running  transversely,  run  more  and  more  obliquely  from 
above  downward,  detach  themselves  from  the  septum  transversum, 
and  elevate  the  pleura  into  pericardial  folds,  which  run  from  above 
downward  and  project  inwai-d  ;  (2)  the  margin  of  the  pericardial  fold 
fuses  with  the  mediastinum  posterius,  in  which  are  enclosed  ousophagus 
and  Ekorta,  whereby  the  superior  ven»  cava?  are  transferred  to  the 
mediastinum. 
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39.  The  thoracic  caLvities  have  for  a  time  the  form  of  tubuliir  spaces 
lying  on  the  lioreal  aide  of  the  heart  and  on  either  side  of  the  spinal 
cohitDti  ;  they  wceive  tho  developing  hings,  and  still  communicate 
caudad  with  the  abdominal  cavity. 

40.  The  two  thoracic  cavities  are  nepai'atpd  from  the  ahdomiiial 
cavity  by  the  fusion  of  the  duraal  rim  of  the  septum  transiversum 
with  peritoneal  folds  of  the  dorsal  wall  of  the  trunk  (the  pillars  of 

TJSKOW). 

41.  The  diaphragm  Ls  composed  of  two  parts,  the  ventral  Keptum 
transverHiiin,  and  a.  dorsal  part,  the  pillars. 

42.  Upon  its  first  e.itabliahment  the  liver  grows  into  the  fiepttim 
I  ti^nsversum,  but  subsequently  detaches  itself  from  the  latter  and 
,   remains  united  to  the  diaphragm  by  means  of  its  peritoneal  covering 

only,  the  corona!  ligament. 
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n.  The  Development  of  the  Skeletoa. 

Witli  the  exception  of  I  he  ehoi'da  dm-salin,  which  takes  its  origin 
from  the  inner  geim-htyer,  the  Kki'ieton  of  Vertebrates  is  a  |>rodiict 
of  the  intermediate  layer,  i-esulting  from  a  series  nf  histological 
different iatioQs,  ii  general  survey  of  n-hich  has  already  (p.  540)  been 
given.  There  have  appeared  many  articles  treating  on  this  very 
complicated  apparatus  in  the  higher  Vertebrati'S  from  a  develop- 
mental and  also  especially  from  a  comparative-anatomical  standpoint. 
By  an  exhaustive  treatment  of  thw  subject  this  part  of  the  work 
vould  attain  to  greater  proportion.'!  than  the  plan  of  the  pi-esent  test- 
book  permits.  I  shall  theiffore  limit  myself  to  thri  more  important 
conditions  of  organisation  and  for  what  remains  refer  to  the  text- 
books of  comparative  anatomy. 

Two  chief  parti  are  diBtinguishflble  in  the  skeleton  of  Vertebrates  : 
(1)  the  aiditl  skeleton,  which  is  in  turn  divisible  into  that  of  the 
trunk  and  that  of  the  head,  and  (3)  the  Kkeleton  of  the  limbs. 
The  former  is  the  older  and  more  primitive,  being  poesetwoj  by  all 
Vertebrates ;  the  hitter  has  been  developed  later,  and  is  entirely 
wanting  in  the  lower  groups  (Amphioxus,  Cyclostomea). 


T/ie  Dei^elopmeni  of  the  Axial  SkeUton. 

The  original  foundation  of  the  axial  skeleton  of  all  Vertebratea 
a  the  uotochord  or  choi'da  dorsalia.  By  this  is  understood  a, 
flexible,  rod-like  structure,  which  is  situated  in  the  axis  of  the  body 
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below  the  neural  tube  and  above  the  intentine  and  aorta.     It  reaches 
from  th()  front  end  of  the  haae  of  the  raid-hriiin  to  the  end  of  the  taU. 

For  a  dmc  alter  itn  cBUibliflhrncnt  the  [rout  pnil  oF  the  churihi  remains  in 
uninn  at  a  Hm:kll  place  irith  the  opitbelium  of  the  forc-guU  This  place  is 
fmmediately  behind  the  upper  attachment  of  tho  primitive  pbaiyi^eal 
membiane  (Rachenhant).  There  is  here  fonnd,  a  little  bebiod  the  hypo- 
physial pocket,  a  slight  depressioD  in  the  epithelial  lining  at  the  fore-g:at— 
KKEBBEL'a  pocket  or  tho  palatal  pocket  ot  Selenka.  It  is  only  some  time 
after  the  rapture  of  tho  pharynf^cal  membrane  that  the  chorda  becomes 
detached  from  tbe  intcBlinal  cpitheliam  and  ter- 
minates free  in  the  mesenahyma,  often  with  a 
hook'llke  end  (Keibel,  Eakn,  Carios). 

In  the  case  of  Amphioxiw  the  chorda  ia 
the  only  Bkeletal  Htnictnre  preeent  in  the 
whole  of  the  soft  body;  in  the  lowor  Ver- 
tebrates (Cyclontomes,  FisheR,  Amphibia)  it 
exiHte  even  in  tbe  adult  animals  as  a  more 
or  letw  important  organ ;  but  in  the  Amniota 
it  i»  reduced  almost  to  obUteration,  and  only 
in  the  earliest  fltagee  of  development  playR 
a  role  aa  tho  forerunner,  aa  it  were,  of  tho 
higher  form  of  axial  itkekton  which  finally 
takes  its  plare.  While  reference  is  mikdc 
to  previous  portions  of  the  text-book  for  in- 
formation about  the  first  development  of  the 
chorda,  its  further  metamorphosis  may  be 
treated  of  here  more  at  length.  This  varies 
iiunisi  "^''v^'  '»""''  according  as  the  chorda  becomes  a  really 
r,  cirdin'iii  Teini.  functioDal  orgsii  or  soon  begins  to  degene- 

In  the  fiist  instance,  when  the  band  of  chordal  cells  has  been 
constricted  otf  from  the  inner  germ-layer,  it  l)ecomeH  more  sharply 
limiteil  at  its  periphery  by  the  secretion  of  a  firm,  humogoneous 
envelope,  the  sheath  of  the  chorda  (fig.  324  e»).  Then  the  cells 
increase  in  size  by  the  accumulation  of  fluid  within  their  protoplasm, 
whii'h  finally  exists  in  tho  form  of  a  thin  Hui»rficial  layer  only  ;  the 
cells  become  enveloped  in  firm  membranes,  thus  acquiring  exactly 
the  ap[>pariLnce  ot  pisnt  colls.  But  directly  beneath  the  sheath  of 
the  chorda  (fig.  324)  the  cells  remain  small  and  protoplasmic  and 
constitute  n  special  layer,  the  chordal  epithelium,  which  by  proli- 
feration and  metamorphosis  of  it«  elements  causes  an  inci-ease  of  the 
substance  of  tho  chorda. 
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ImmeJiately  iifter  its  formatiun  tlio  chorda  is  in  corittiet.  al>o\-e 
with  tlio  n6iiml  tube,  below  witli  the  entdliTin,  and  latt-rally 
with  Ihe  pi-imitivi'  Ht'gnieiits.  This  relation  Ls  alteivil  tin  soon  lut 
tho  iutermtiliAto  Inyer  makes  itn  appearance  between  tht^  first 
embryonic  fundameots.  Then  n,  layer  of  celln  grows  aronnd  the 
ohonla  (Gg.  2fl2),  aprcaJ^  itself  out  from  hero  aroiLnd  the  neuntl  tube 
ftbove,  and  furnishes  the  foundation  from  which  are  developed  the 
■egtnentfld  vertebi-al  column  and  in  front,  in  the  region  of  the  five 
brain- vesicles,  the  cranial  luipttule ;  it  has  thercfon-  receiveil  the 
name  of  meTttbrantnig  t<erlehral  column  and  of  membranouit  cranial 
cajisuk'  (membrajimu  primordial  cranium) ;  it  is  also  appropriately 
designated  as  skeletogeiions  layer,  the  envelope  which  inveeU  the 
chorda  being  called  the  skeletogenous  sheath  of  the  choi'da. 
(Compare  p.  172  for  an  nceonnt  of  the  first  formation  of  it.) 

The  mesenchyme  also  spreads  out  laterally  in  the  embryo,  [lene- 
traten  into  the  spaces  between  primitive  segments,  and  is  converted 
into  thin  platea  of  connective  tissue  (ligameota  intermiiacularia),  by 
means  of  which  the  musculature  of  the  trunk  is  parted  into  separate 
muscle  segments  (myomeres).  The  muscle-fibres  find  attachment 
and  support  upon  both  the  anterior  and  posterior  faces  of  these 
plates. 

Such  a  condition  i.i  permanently  preserved  in  Amphioxus  lanceo- 
latus.  The  chorda,  with  its  sheath,  is  the  only  firm  skeletal  structure, 
Fibi-oiiM  connective  tissue  (membranous  vertebral  column)  envelops 
it  and  the  neural  tube,  and  sends  out  into  the  musculature  of  the 
trunk  the  intermuscular  ligaments. 

When  the  originally  membranous  tissue  surrounding  the  chorda 
ftnd  neural  tul»  is  followed  in  its  further  development  in  the 
embryos  of  the  higher  Vortelirates,  it  is  to  be  soon  that  it  succes- 
sively undergoes  tmo  metamorphoses :  that  at  first  it  is  partially 
chondrified,  and  that  subsequently  the  cartilaginous  pieces  are 
convei'ted  into  osseou.s  tissue ;  or,  in  other  words,  lAe  jirat-eatahlitlied 
memhrarwua  vfrlebral.  column  is  soon  converted  into  a  carlUaifinotis, 
and  thia  m  turn  is  repliKed  by  a  bony  one,  tmd  in  Uie  same  mmvno' 
the  manbranous  primordial  cranium  is  trant/ormed  in(o  a  eartilit- 
ffirious,  UTid  this  in  turn  into  a  bony  araniai  capwiJe. 

Tlie  three  stages  whicli  succeed  one  another  in  the  development 
of  tlie  higher  Vertebrates  are  also  encouiiteroil  in  a  tompftrntivf- 
anatomical  invest  igation  of  the  axial  skeleton  in  the  st'des  of 
Vertebrates,  and  in  .such  a  manner  that  the  condition,  which  in 
many  cla.tses  appciirs  only  iis  a  transitory  embryonic  one,  is  retained. 
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permanently  in  the  lower  classes.  An  Ampbioxua  pOBHMsen  a 
membranous  axial  skeleton,  bo  the  Selachians  and  certain  of  the 
Ganoids  ai-e  representativea  of  the  stage  with  cartilaginous  vertebral 
column.  The  third  stage  in  the  evohition  of  the  axial  skeleton  is 
more  or  less  completely  attained  by  all  tlie  higher  ViTt«brates. 

This,  again,  is  a  veiy  instructive  example — of  which  the  embrj'ology 
of  the  skeleton  preneuta  many  others — of  the  parallelism  which  exists 
between  the  development  of  the  individual  and  that  of  the  race ;  it 
teaches  how  embryological  and  comparative -ana- 
tomical investigations  are  mutually  compIementaL 
In  the  detailed  description  of  the  conditions 
which  are  observed  in  the  development  of  the 
cartilaginooA  and  bony  axial  skeleton,  I  shall  limit 
myself  to  Man  and  Mammals,  and  since  great 
differences  exist  between  the  posterior  region, 
which  encloses  the  spinal  cord,  and  the  anterior, 
which  envelops  the  vesicles  of  the  hrain,  I  shall 
treat  of  them  separately. 


(ffl)  Devdoptamt  of  the  VerUbral  Gdwam. 


B,.  w.- 

iiaai  [frsBtil]  H>- 
tlon   lluwi(li    tba 

th«*»'if?iii"«i  '^^^   proceas  of    chondrification 

ooimmiafibiinuu  Man  at  the  beginning  of  the  second  month.  At 
ccrtiun  places  in  the  tissue  enveloping  ihe  chorda 
the  cells  secrete  between  themselves  a  cartilaginous 
mattix,  and  move  farther  apart,  whereas  at  other 
intervening  and  narrower  tracts  the  character  of 
chorda.       '  the  tissue  is  not  altered  (fig.  325).    In  this  manner 

the  skeletogonous  layer  is  differentiated  into  nu- 
merous vertebral  bodies  (ji),  which  in  longitudinal  sections  are  the 
moTf  translucent,  and  into  the  intei-vortebrnl  discs  (Ugamenta 
intervortebralia)  which  separate  them  {li). 

The  proocRS  of  chondriflcation,  as  Fboriep  limi  followed  it  in  the  case  of  t!ie 
embryo  calf,  proccedB  an  follows:  there  arise  on  liolh  nicies  of  the  cliorln 
mawes  of  cartilage  which  aro  united  on  Ihc  ventral  side  of  it  by  a  thinner 
layer.  Somewhat  later  the  cartilaginous  half-cylinder  is  closed  on  the  doreal 
side  also. 

Upon  the  appearance  of  a  segmented  vertebral  column  the 
chorda  loses  its  function  of  a  supporting  skeletal  rod.  From  this 
time  forward  it  therefore  suffers  a  gradual  obliteration.  The  parts 
enclosed  in  the  bodies  of  the  vertebne  are  restricted  in  their  growth, 
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when'iiB  the  »hortor  portions  lying  iji  the  soft  intervertebral  dim* 
coutiuue  to  eulnrge  (tig.  325  ch).  Thus  the  choi-du  now  tuMjuireu  the 
appearance  of  a  string  of  beads,  since  thickened  Npheroidul  portions 
are  joined  to  one  another  by  small  conneetiiig  thread-like  portions. 
Subsequently  it  entirely  disitppears  in  the  bodies  of  the  vertebne, 
especialty  when  the  latter  begin  to  oBsiFy  f  fig.  336) ;  the  intervertebral 
portion   (It)  alone  pei'sistc;,  although    inditttinctly  Hmiteil   from   the 


n^.  SK,— LoDcitDdind  [H(itull  mUon  through  Ui«  inUrmtabnl  lipmut  ud  iIm  BdjaotBt 

p«t*iiftwBT>rnibn>bwBthath«wun(i«i  oTu  lultiuuadaubrraShHp.  iitUic  Siiixmiu. 
la,  Ligwuont  iMiigiliuliujiJo  nnwriju  ;  l/i,  [Ig.  Jong.  [niiwriM ;  li,  llg.  lmorvM(«hr»l« ;  t,  (.'.  c»r- 


Burrounding  tisaue,  and  pi'oduces  by  the  prolifei-ation  of  ita  cells  the 
gelatinous  core  of  the  int<^rvertebral  disc. 

Soon  lifter  the  appearance  of  the  bodies  of  the  vertehrte  the  funda- 
meut«  of  the  corresponding  aivfaea  are  observable.  Accoi'ding  to 
Frobibp's  account,  there  arise  small,  independent  pieoes  of  cartilage 
in  the  membrane  enveloping  the  spinal  cord,  in  the  iuimudiute 
vicinity  of  the  bodii'M  of  the  vertebne,  with  which  they  sixin  fuse. 
Their  growth  is  riither  slow.  During  the  eighth  week  they  still 
appear  in  Mail  iw  short  pi'oreNsi**  from  the  IkkUos  ot  the  vertt'brw, 
so  that  the  spinal  curd  Ls  still  covei'ed  dursally  l>y  thi^  rnembmiiuiiB 
ukeletun.  lu  the  third  month  they  grow  into  coatiict  with  each 
othei'   at   the  duittum ;  however,  it  in  only  in  the  following  month 
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that  a  complete  fusion  takes  place,  and  that  cai'tilaginous  uoui'al 
spines  are  formed.  The  part  of  tlie  membrane  which  lies  between 
the  cartilaginous  arches  furnishes  the  ligamentous  apparatus. 

In  the  process  of  chondrification  the  nas(*ent  bodies  of  the  vei-tebne 
have  a  fixed  position  relative  to  the  pnniitive  or  iuu8c*le-segmrnts ; 
it  is  such  that  on  either  side  of  the  body  they  are  adjacent  to  two 
of  the  latter,  one  half  to  a  preceding  segment,  the  other  half  to  a 
following  one ;  or,  in  other  words,  the  bodies  of  the  vertebrw  aiul  tlie 
muacle-sef/inents  do  not  coiiicide,  biU  in  Uieir  jHxsitio-ns  alternate  with 
each  oUisr. 

Tlie  necessity  of  such  an  arrangement  follows,  from  the  very 
function  which  vertebiiil  column  and  musculature  together  have  to 
fulfil.  The  axial  skeleton  must  possess  two  opposite  pi-o^wrties 
\niit-ed :  it  must  be  firm,  but  also  flexible, — firm,  in  order  to  serve  as 
a  support  for  the  trunk ;  flexible,  so  as  not  to  imj^o  the  motions  of 
the  latttT.  Since  a  continuous  cartilaginous  rod  would  not  have 
ix)ssessed  sufficient  flexibility,  the  process  of  chondrification  could  not 
take  phice  throughout  the  whole  extent  of  the  skeletogenous  layer, 
but  there  must  be  left  more  elastic  tracts,  wliich  allow  a  movement 
of  the  cartilaginous  pieces  on  one  another.  But  a  movement  of  the 
cartilaginous  pieces  would  obviously  be  impossible  if  they  should  lie 
80  that  the  muscle  fibn»s  had  their  origin  x\\v\  insertion  on  one  and 
the  sjime  vertebral  element.  In  onler  that  the  tibr(.\s  of  a  muscle- 
segment  may  o^ierate  \\\m\  two  vertebne,  the  muscular  and  vertebral 
segments  must  alternate  in  }>osition. 

This  pixK'Css,  which  is  easily  intelligible  in  the  way  in  which  it  has 
lH.»en  outlined,  hiis  given  ocrasion  for  the  assumption  of  a  "  resetj- 
mentation  of  the  vertebral  column"  Tliis  conception  originated  with 
Kemak,  and  since  then  has  been  for  a  long  time  tenaciously  held  to 
in  the  literature. 

Kemak,  like  other  enibryologists  Iniore  him  (Baer),  perceived  in 
the  primitive  segments  of  the  Cliick  the  material  for  the  establishment 
of  the  vertebral  column,  and  therefoi-e  gave  them  the  name  "  pix)to- 
vertebra*."  But  inasmuch  as  he  found  that  the  cartilaginous  vertebne 
did  not  aft<»rwarcls  correspond  in  position  with  the  pn>tovertebi-a3,  he 
announced  the  proposition  that  a  new  "  segmentation  of  the  vertebnU 
column  takes  place,  from  which  arise  the  secondary,  i>i'rmanent  bodies 
of  the  V(M-tel)ne." 

Both  tlie  name  *' prot  overt  el  )ra  "  and  tlu'  assumption  of  a  i-ost^g- 
mentation  of  the  vertebral  column  should  l)e  dropinnl,  and  for  the 
following  rea^suns :  — 
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The  signilication  of  the  piimitive  segments  coiusials,  if  not  exclu- 
sively, at  leo^t  prinoipally,  in  this,  that  they  nre  the  fundaments  of 
the  muaculatiire  of  the  body.  But  in  the  arraiigeraetU  of  the  mu»eu- 
latta-e  ie  expreated  tin  original  ami  olde&l  segmentation  of  the  vertebrate 
body.  It  is  present  men  in  Amp/iiaeus  and  the  Cydoalomea.  The 
aegiueiUaiion  of  the  vertebral  column,  on  l/ie  contrary,  won  acquired 
much  later,  and  /mm  remdled,  as  was  ex-plaineil  afiov»,from  a  neceesari/ 
depeiidene-i  an  (Aa  aeymeniatlon  of  t/ie  musculature.  A  pi'iiniiry 
segmentation  of  the  vertehntl  column  lu  imdcratood  by  Reuak  and 
hiu  followenj  has  never  existed,  for  the  cortihigiaouH  vertebnc  iire 
foi'mrd  from  an  niieei/iitenled  ma»«  of  tissue  enveloping  the  choi'da^ 
from  ihv.  nkeletogenoiis  layer.  One  cannot  speiik  of  u  8egmi.i|it<Llion 
of  the  vcrtobiiil  rolumM  until  the  beginning  uf  the  proceiiH  of  chun- 
driticalian,  by  reason  of  which  alone  it  became  ueci'ssury. 

Even  before  the  irartilaginoiis  vertebral  column  hi^s  been  completely 
established,  it  enters  in  Mammals  upon  tbe  third  stage,  which  begins 
in  Man  at  the  end  of  the  second  month. 

The  ossificatiwi  of  every  cartilage  takes  place  in  the  main  in  a 
corresponding,  typical  manner.  Blood-vesselH  at  one  or  several 
places  grow  from  the  siirface  into  its  interior,  dissolve  the  matrix  of 
the  cartilage  of  a  limited  region,  so  that  there  arifles  a  small  oivity 
filled  with  vascular  capillai'ies  and  mni-row-cells.  In  the  vieiuity  of 
this  Halts  of  Ume  are  deposited  in  the  cartilage.  By  a  portion  of  the 
proliferated  medullary  cells,  which  become  oat eobl as (h,  bone  i^ubstance 
is  then  secreted  (tig,  326  w).  In  this  mannei'  there  arises  in  the 
midst  of  the  cartilaginous  tissue  a  so-called  bone  nutltwt  or  ceiitre  of 
oavfieatioH,  around  which  the  destruction  of  the  cartUage  and  its 
replacement  by  osseous  tissue  advance  further  and  further. 

The  placee  w/iere  the  sejiarate  bone  nuclei  are  formed,  ae  inell  as  thttr 
nutnber,  are  lolera/ili/  uitifiirrn  fi/r  Che  different  cartilages. 

In  general  the  ossilication  of  each  vertebra  proceeds  from  three 
pointti.  At  fii«t  a  centre  of  ossification  is  established  in  the  base  of 
each  half  of  the  vertebral  arch,  to  which  there  is  added  somewhat 
later  a  third  centre  in  the  middle  of  the  body  of  the  vertebra.  In 
the  fifth  month  tbe  ossification  hH,3  advanced  up  to  the  surface  of 
the  cartilage,  Eacii  verteV)ra  is  now  distinctly  composed  of  three 
pieces  of  bone,  which  for  u  long  time  continue  to  be  joined  to  one 
another  by  bridges  of  cjirtiliige  at  the  base  of  each  half  of  the  arch 
and  at  the  union  of  the  lattei'  with  the  vertebral  spines.  ■  The  last 
remnantj^  of  cartilage  do  not  ossify  until  after  birth.  Diu-ing  the 
first  year  with  the  development  of  a  bony  spinous  process  tbe  halves 


^L      first  year 
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of  the  arch  are  fused  Each  vertebra  is  then  separable  after 
destruction  of  the  soft  parts  into  two  pieces,  into  the  body  and  the 
arch.     These  are  united  between  the  third  and  eighth  years. 

In  addition  to  the  pieces  of  bone  just  described,  accessory  centres  of  ossifieati4fn 
appear  on  the  vcrtebne  in  snbseqnent  years ;  it  is  in  this  way  that  there  arise 
the  epiphysial  plates  at  the  end-sorfaoes  of  the  body  and  the  small  bony  pieces 
at  the  ends  of  the  vertebral  processes  (the  spinous  processes  and  the  transverse 
processes).  Kchwkgel  gives  detailed  information  concerning  the  time  of  their 
appearance  and  their  fusion. 

Cartilaginous  skeletal  parts,  which  ser\'e  for  the  support  of  the 
lateral  and  ventral  walls  of  the  body,  the  riha  and  the  brecut  hone, 
contribute  to  the  completion  of  the  axial  skeleton. 

The  ribs  are  developed  independently  of  the  vertebral  column,  in 
Man  during  the  second  month,  by  the  chondrification  of  strips  of 
tissue  in  the  intermuscular  ligaments  between  the  successive  muscle- 
segments.  They  are  at  first  visible  as  small  bent  rods  in  the  imme- 
diate vicinity  of  the  body  of  the  vertebra,  and  from  hei-e  they  rapidly 
extend  ventrally. 

In  early  stages  of  development  ribs  are  established  from  the  first 
to  the  last  segment  of  the  vertebral  column  (the  coccyx  in  Man 
excepted),  but  only  in  the  case  of  the  lower  Vertebrates  (Fishes, 
many  Amphibia,  and  Reptiles)  are  they  developed  into  large  bows 
supporting  the  wall  of  the  trunk  in  a  uniform  manner  in  all  regions, 
whereas  in  Mammals  and  in  Man  they  exhibit  in  the  separate  regions 
of  the  vertebral  column  different  conditions.  In  the  neck,  lumbar 
and  sacral  i-egions,  they  appear  fram  the  beginning  in  a  rudimentary 
condition  only,  and  undergo  metamorphoses  to  be  described  later.  It 
is  exclusively  in  the  thoracic  region  that  they  attain  important 
dimensions,  and  here  at  the  same  time  they  give  rise  to  a  new  skeletal 
part — the  bretust  bone,  or  sternum. 

The  sternum,  which  is  wanting  in  Fishes  and  Dipnoi,  but  is  present 

in  Amphibia,  Keptiles,  Birds,  and  Mammals,  is  a  formation  derived. 

from  Uie  tlioracic  ribs,  aiul  is  oi*igiiiaUy  established,  as  Rathke  was  the 

first   to  discover,  as  a  paired  structure,  whicfi  early  fuses  into  an 

unpaire^l  skeletal  piece. 

Huge  has  followed  the  development  of  the  sternum  in  Man  in  a 
very  thorougli  manner,  and  has  found  that  in  embryos  3  cm.  long  the 
first  five  to  seven  thonu-ie  ribs  have  become  prolonged  into  the  ventral 
surface  of  the  breast  and  by  a  broadening  of  their  ends  have  united 
at  some  distance  from  the  median  plane  to  form  a  cartilaginous  band, 
whereas  tlie  following  libs  end  free  and  at  a  greater  distance  from 
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the  median  plane.  The  two  stenud  bara  ai-e  separated  from  each 
other  by  membi-aiiouB  tissue ;  later  they  approach  oacli  other  in  the 
median  plane,  and  commencing  in  front,  begin  to  fuse  together  into 
an  unpaij-ed  piece,  from  which  the  individual  ribs  which  gave  rise  to 
them  are  afterwiudH  aeparated  by  the  formation  of  jointa. 

The  paired  origin  of  the  sternum  serves  to  explain  some  of  its 
abnormalities.  Tor  example,  in  the  adult  there  is  sometimes  seen 
A  fissure,  which,  although  elosed  by  connective  tissue,  passes  quite 
through  the  sternum  (tissuni  stemi),  or  a  few  larger  or  smaller  gaps 
are  fouud  in  the  body  and  xyphoid  pi-ocees  of  the  st«muin.  All 
these  abnormal  cases  are  explained  by  the  complete  or  partial  failure 
of  the  two  Hternal  bare  to  fuse  in  the 
usual  way  during  embryonic  life. 

The  ossification  of  ribti  and  sternimi 
ia  in  pait  accomplished  by  the  develo])- 
ment  of  special  centres  of  mtsilication, 
that  of  the  i'ib«  beginning  as  early  as 
the  sfcuud  month,  the  Ktemum  some- 
what late,  in  the  sixth  f<ctal  month. 


Each  rib  contains  iit  lirst  one  ct^ntrc  nf 

I   (MsiGcatioD,    through    ths    enlai^ment    uf 

I   wbich  the  bony  part  is  formed,  while  net.1 

I   to  the  stcmum  n  portion   remains  cartilii' 

I   ginoUB  througliQUt  life.      In  the  eiglitli   t>i 

7  the   fourteenth   year   there  appear   in   1\ik 
oapitulum  ani^  tuberculnm  uC  the  rib,  ru- 

I   eording  to  Bcuwkoel  and  KOlmkeb.  ac- 
cessory centreii,  which  fuse  with  the  main  jtuigld. 
piece  bctweenthofoiirteenthand  the  twenty-      *p  Cartiliige;  h,  cunims  ii(  .miBto- 
fltth  year.  *'"°  ■  *''■  '"''""^  '"""^ 

The  stemnm  (fig.  327)  ossifies   from  □□■ 
raeroQi  centres,  of  which  one  arises  in  the  munabrium,  and  Erom  six  to  twelve 
In  its  body.    Between  the  tdxtb  and  twelfih  years  the  latter  begin  to  fuse 
together  into  the  three  or  four  large  pieces  of  wliich  the  body  of  Iho  stemam 

'   is  oomposed.    The  ijpboid  process  reraaina  partly  cartiluglnoua,  but  uoqnires 
a  ceatru  of  ossifieation  during  childhocx!. 

Regarding  tbe  rpiitfmal  jHceri  which  appi-ar  on  the  manabrium,  the  l«xt- 
books  of  compatalivc  analomy  and  the  articlu  by  lluoE  should  be  unnaultud. 

Through  infqualities  in  the  development  of  the  sejiarate  vertebral 
and  costal  fuiidiiments  and  through  the  fusions  which  take  place  here 
and  there  are  prodiiceil  the  diHei-etit  regions  of  the  skeleton  of  the 
tnink :  the  cervicjil,  dorsal,  and  lumbar  regions  of  the  vertebi'al 
column,  the  sacrum  and  coccyx.  A  i-ornct  underatanding  of  these 
skeletal  parts  is  Ui  be  acquired  only  through  embryology. 
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The  nidimentaiy  fundaments  of  the  cervical  ribs  at  their  first 
appearance  fuse  with  the  cervical  vertebrcty  at  one  end  with  the  body  of 
the  vertebra,  at  the  other  with  an  outgrowth  of  the  neural  arch, 
and  with  the  latter  enclose  an  opening  through  which  the  vertebral 
artery  runs — the  foramen  transversarium.  The  so-called  transverse 
process  of  the  cervical  vertebra  is  therefore  a  compound  structure, 
and  were  better  designated  latercU  processy  for  the  bony  i*od  that  lies 
dorsad  of  the  foramen  tninsversum  is  formed  by  an  outgrowth  from 
the  vertebra  and  alone  corresponds  to  the  transverse  pixxjcss  of  a 
dorsal  vertebra ;  the  ventral  rod,  on  the  contrary,  is  a  rudimentary 
rib,  which  possesses  in  fact  a  separate  centre  of  ossifiaition. 

The  fundament  of  the  rib  of  the  seventh  cervical  vertel)ra  ocai- 
sionally  attjiins  greater  size,  does  not  fuse  with  the  vertebra — which 
conse<[uently  does  not  possess  any  foramen  transversarium — and  Ls 
described  under  the  abnormalities  of  the  skek^ton  as  free  cervical  rib. 
Its  presence  is  explained  therefore  as  being  tlie  result  of  a  more  volu- 
minous development  of  a  pai-t  which  in  all  cases  exists  as  a  fundament. 

The  transverae  process  of  the  lumbar  vertebrce  is  also  better  designated 
as  lateral  process,  because  it  encloses  the  rudiment  of  a  rib.  This  ex- 
plains the  phenomenon  of  a  thirteenth  or  small  lumbar  rib  occasion- 
ally observed  in  Man. 

The  sacral  reyuyn  is  the  one  that  is  most  modified.  A  large  number 
of  vertebne  in  this  region  by  becoming  firmly  united  with  the  i)elvic 
girdle  have  lost  the  jwwer  of  moving  on  one  another,  and  are  fuseil 
together  into  a  large  bone :  the  sjicrum.  This  consists  in  human 
embryos  of  ^\e  sepai*ate  cartilaginous  vert^»braj,  the  fii-st  three  of 
which  especially  are  characterised  by  very  broad,  well -developed 
lateral  processes. 

I  say  lat(?ral  processes  because  comparative-anatomical  grounds 
and  embryological  evidence  both  indicate  that  there  are  included  in 
theiu  rudimentary  sacral  ribs,  such  as  in  lower  Vei'tebrates  make  their 
appearance  jus  independent  structures.  On  the  embryological  side, 
the  method  of  their  ossification  favoi-s  this  view^,  for  each  sacral 
vertebra  undergoes  ossification  from  five  centres.  To  the  three 
typical  centras,  those  of  the  body  and  the  neural  arches,  are  added 
in  the  lateral  processes  large  bone-nuclei  (centres),  which  are  com- 
parable with  the  centres  of  ossification  of  a  rib.  They  produce  the 
well-known  lateral  miusses  of  the  sacrum  (massie  laterales),  which 
Ixjar  the  articular  .surfaces  for  luiion  with  the  ilium. 

The  fusion  of  the  five  bony  pieces  of  a  saci-al  vertebni,  at  tii"st 
separateil  by  strips  of  cartilage,  takes  place  later  than  in  other  parts 
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ot  the  vertebral  column,  namely,  between  the  uecond  and  the  ;ixth 
year  after  birth.  For  a  long  time  the  five  sacral  vertebrre  remain 
separated  from  one  another  by  their  intervertebi-al  discs,  which 
begin  to  ossify  in  the  eighteenth  year ;  the  process  haa  usnally  come 
to  an  end  by  the  twenty-lifth  year. 

Behind  the  aacriim  there  follow  four  or  five  rudimentary  coccygeal 
TCrtebm,  which  ivpresent  the  ciiiidal  skeleton  of  Mammals  and  do 
not  actiuire  centres  of  ossification  until  very  late.  In  the  thirtieth 
year  or  later  they  may  fuse  with  one  another,  and  sometimes  with 

AUiu  and  epistropheus  {axis)  now  demand  special  mention.  Theee 
verteline  acquire  their  peculiarities  of  form  by  an  early  fueioii  of  the 
cartilaginous  body  of  the  atlas  (fig.  328(()  with  the  epiKtropheus  (e) 
to  form  the  odontoid  pi-ocess  of  the  latter.  The  one  therefore 
contains  less,  the  other  more  than  a  noi'mally  develo|>ed  vertebra. 

That  the  odontoid  proceus  is  the  real  body  of 
the  atlas  iis  recognisable  even  hiter  by  means  of  ^\ 

two  facte.      First,  like   every  other  vert«bral  '•   HH 

body,  it  is  travemed,  an  long   as   it   remains  ,  MB|) 

cartilaginous,  by  the  chorda,  which  at  the  tip  ^.  jjj  .^j^j^  „„[;„„ 
of  the  process  us  continued  into  the  Ugamentum  (tanuchihebodTuii 

suspensorium  and  from  this  into  the  base  of  the  aa'^tu^""  ' 

cranium.  Secondly,  it  acquires  in  the  fiftli  in  ild  ninuitKE  i«(.  t<ui- 
month   of  development   a    sepai'ate  centre    of  ii™,"jK^u.'boM' 

oamfication    (fig.    328    a),    which    is   not    com- 
pletely fused  with  the  body  of  the  epistropheus  until  the  seventh 
year. 

The  neural  arches  of  the  atlas,  which  have  remained  independent, 
on  joined  together  on  the  ventral  side  ot  the  odontoid  process  by  a 
tract  of  tissue  in  which  an  independent  piece  of  cartilage  ia  formed 
(hypochordal  cartilage-rod  of  Fboeiep)— a  structure  which,  occoiJing 
to  Fbo&iep,  is  present  in  every  vertebra  in  the  awe  of  Birds.  This 
pi«ca  of  cartilage  de\-elops  in  the  fitwt  year  aft«r  birth  a  special  centre 
of  ossification,  fuses  between  the  fifth  and  the  sixth  year  with  the 
lateral  halves,  and  constitutes  the  anterior  [ventral]  arc'lt  (Kollikek). 

(i)  Development  of  Uie  lle^id-SJcelcliin,. 

From  its  position  the  skeleton  of  Uie  heiid  aj>peai-i>  us  the  must 
I.  ADterior  part  of  the  axial  skeletun,  but  it  is  on  the  whole  very  unlike 

I  the  posterior  fiai't, — the  vertebral  column,— because  it  if.  adapted  to 
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peculiar  purposes.  For  in  the  morphological  plan  of  Vertebrates  the 
head  takes,  in  comparison  with  the  trunk,  a  preeminent  position ;  it 
is  furnished  with  especially  numerous  and  highly  developed  organs 
concentrated  into  a  short  space. 

The  neural  tube  lias  here  become  differentiated  into  the  volu- 
minous brain,  with  its  dissimilar  regions.  In  its  immeduite  vicinity 
have  arisen  complicated  sensory  organs  such  as  nose,  eye,  and  ear. 
likewise  the  part  of  the  digestive  tube  eudoseil  within  the  head  bears 
in  many  ways  its  peculiar  stamp,  since  it  contains  the  mouth  opening 
and  is  provided  with  organs  for  the  reception  and  trituration  of  the 
food,  and  is  pierced  by  viscenil  clefts.  All  of  thesi'  parts  exercise  a 
determining  influence  on  the  form  of  the  skeleton,  which  adapts  itself 
most  accurately  to  the  brain,  to  the  sensory  organs,  and  to  the 
functions  of  the  head-gut,  and  thereby  becomes  a  very  complicjited 
apparatus,  especially  in  the  higher  Vertebmtes. 

Embryology  slieds  a  flood  of  light  on  the  method  of  the  origin 
of  the  cephalic  skeleton  of  Vertebrates;  it  shows  the  relations  to 
one  another  of  widely  different  lower  and  higher  forms,  and  also 
answers  the  question,  Wliat  relation  do  the  veiiyebral  column  and 
head-skeleton  sustain  to  each  other  in  the  plan  of  organisation 
of  Vertebrates?  ConsiHjuently  the  development  of  the  cephalic 
skeleton  proves  to  l)e  an  especially  interesting  subject,  which  has 
always  attract^'d  niorphologists,  and  which  has  incited  to  careful 
investigation. 

During  the  account  some  comparative-anatomical  digi'essions  will 
be  made,  which  will  contribuU*  to  the  Iwtter  comprehension  of 
certain  facts,  esjH»cially  those  treated  of  in  the  fimil  section,  in 
which  the  vert<»bral  theory  of  the  skull  will  be  briefly  discussed. 

As  in  the  ease  of  the  verti»bral  column,  thei'e  are  to  bo  dLstin- 
guisheil  three  stages  of  development  according  to  the  histological 
diameter  of  the  sustentative  substance :  a  membi*anous,  a  cairti- 
lagiiious,  and  a  bony. 

The  chorda  serves  as  the  foundation  for  the  membranous  skeleton 
of  the  head-,  and  extends  forward  to  the  Ix^tweeii-brain.  At  its 
anti»rior  end  there  Ls  formed  in  Amniota  the  cephalic  flexure,  by  which 
the  axis  of  the  lii*st  two  brain-vesicles  makes  an  acute  angle  with 
the  thiiH)  following  ones  (fig.  153).  Here  also  the  mesenchyme 
early  gi-ows  aixiuiid  the  chorda  and  envelo|>s  it  in  a  skeletogenous 
layer,  which  spi-ea<ls  out  fix)iu  this  rt»giun  latemd  and  dorsad, 
enveloping  the  live  bmin-vesicles,  and  is  sul>sequently  ditfei^ntiaited 
into  the  membranes  of   the   brain   and   a   layer  of   tissue,  which 
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becoiups  the  foundiition  of  the  ci-anial  capsule,  and  has  received  tbe 
niLiue  of  inejnhmnous  primordial  cranium. 

ThiiK  fur  there  is  itu  agrecmi'iit  Jii  tlie  ilevelopment  of  the 
vert<bnil  column  and  of  the  ci-aniiim.  With  thu  beginning  oF 
tlie  process  of  chondridcntiun  ibe  cimilitioas  become  more  pt'ciiliiir, 
Whci'L^aH  ill  the  region  of  tbe  Rpinal  cord  the  skeletiig<!noiu>  layer 
undergoes  n  regular  dilTerentiation  into  cartilaginous  and  coniiective- 
tiasue  parts— inUi  vertebne  and  vertebral  ligaments— and  in  thereby 
di\-ided  into  succeasive  movable  Hegmente,  such  a  segmentntion  does 
not  take  place  in  the  head. 

The  laj/er  of  tissue  called  menihranons  primordia}.  cranivm  vniiwgoea 
eonliwwiis  chondrijiealion  itUo  a  non-arliaulaU  ca]»iile  enveloping  the 
lirain-veaiclta.  If  we  go  through  the  whole  senen  of  Vertebrates 
down  to  the  lowest,  in  no  one  of  them  is  there  exhibited  a  separation 
inl«  movable  segments  corresponding  to  vertobne.  TAere/ore  the 
amleriar  part  and  the  rmnainrng  jtart  ofUte  axial  ateleton  pursue  Jrom 
an  earl'i  period  different  direcUona  in  tlmr  dev^opmenl, 

Tho  contrast  is  intelligible  in  view  of  the  different  duties  to  be 
fulfilled  ill  the  two  regions,  and  especially  in  consideration  of  the 
difff^nml  influences  which  the  action  of  the  muBcles  exercises  upon 
the  form  of  the  skeleton. 

In  water-inhabiting  animals  the  trunk-muscuJatare  is  the  moet 
important  organ  of  locomotion,  for  it  bends  the  trunk  now  in  this 
direction,  now  in  that,  and  thereby  propeLs  it  forwards  through  the 
water.  If,  however,  the  head  region  were  likewise  flexible  and 
movable,  it  would  be  disadrantageoiiH  for  forward  motion,  inasmuch 
fts  a  rigid  part  operates  as  a  cut-water.  Moreover,  the  musculature 
developed  on  the  head  assumes  a  different  function,  inasmuch  as  in 
the  grasping  of  food  and  in  the  process  of  respiration— which  is 
Accompanied  by  an  enlargement  and  i-eduction  of  the  respiratory 
■  tract  of  the  alimentarj'  tube— it  now  addncts  and  then  abducts  the 
ventrally  situated  parts  of  the  axial  skeleton.  Beaidefl,  it  is  advan- 
tageous here  to  have  the  skeletal  axis  prosent  firm  points  of 
attachment  for  the  muscles.  Finally,  the  voluminous  development 
of  the  brain  and  the  higher  sensory  oigans  is  likewise  a  participating 
influence  tending  to  make  the  part  of  the  head  that  sei'ves  for  their 
reception  an  inflexible  region. 

In  view  of  these  various  factors  working  in  the  same  dii'eetion,  it 
becomes  intelligible  that  in  the  keml  a  neffmentation  of  the  axial  lielehm 
w  VHvnling  from  Uie  beyimiing. 

In   other   respects   there   prevails    a  great  agreement  with    the 
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vMrt^dml  rrtlnmn,  edpecially  in  thn  manner  in  which  thp  metAmor- 
plifxiit  iiibi  RnrtiUKinoriH  tixmiA  taken  pinn-  it)  the  membranouii 
prininnliai  rraniiini.  In  both  thfl  chonilrilimtion  firHt  b^itn  at  the 
RiirfwM  (if  th»  chonU  iIotmIih  (fig.  329  A). 

Ah  a  roiimlation  for  thn  bane  of  th«  nku]]  there  nrise  two  paint  of 
e1onfpit'!d  cartilagen :  liehiod,  on  cn'ther  mAe  of  the  chorda,  the  two 
pararJuirilnl  cnrtUagf*  {/'H) ;  in  front,  thn  two  IrabteultK  cranii  (TV) 
of  ItATiiKR,  wliich  bef(in  nt  the  tip  of  the  chnnla  and  from  there 
run  forward  beneath  the  bctwiicn-  awl  the  fore-brain. 


Ilio  foiii-  piivcs  soon  fiLw  with  one  uiinlbor  (Ar.  32ft  B).  Tlie  two 
IMiriii-hcii-dnl  I'li'MU'iitji  (;i-ow  nroiinil  tin-  iliortlii,  first  below,  thfii  abore, 
thnM  t'iivi>lc>i.iiij;  it  unci  jirwlnnng  the  lirunlnr  |)]ato  (B).  Its  anterior 
ninrttiii  I'iw'  fn''  »P  i"t"  H""  angle  of  the  flexure  l>otwe<-n  tniil-bniin 
and  lH>tw<H'ii-biiuii  niid  oorrcHponds  to  the  future  iloi-sum  sellie.  The 
tntiitoitiir  criniii  (V)  Hjirfftd  out  nt  th(>ir  unterii>r  enik,  which  Itocome 
fnwd  lo  eonslitiiti'  the  ctlimoiil  plnte  (.V),  the  foundation  of  the 
uiiterior  [Nirtioii  of  the  eraQium,  which  nctiiiin-M  itn  particulnr 
stjinip  thniu^tb  it«  tt>«>i>tioii  of  the  organ  of  smoll.  In  the  middle  of 
their  length  they  n<umin  mparate  a  long  time,  and  enclose  nn  opening, 
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which  corresponils  to  the  sellft  tnrcifa,  awl  has  been  cHiiwd  by  the 
formation  of  tlie  liy{M>pbyMiat  pocki't  fi'citn  the  nrnJ  tdmiK  find  by  it.s 
growing'  thioiigh  tlio  mi'mbranoiis  basis  of  thn  eniuium  ttiwaivl  tho 
infundibulum  of  tho  bifiin.  fiather  late  there  \b  also  formoi),  as  the 
floor  of  tliR  sella,  tiirrica,  beneath  the  hypophyavi,  a  thin  cartilugiiioiiK 
plate,  wliith  is  pii^roeii  only  by  the  holes  for  the  inttTnal  carotids. 

After  t)ko  base  of  the  craniuiu  has  been  developed,  lht>  procetu  of 
chondri fixation  inrolvee  the  side  wnlls  and  at  last  the  roof  of  the 
membi'anous  priniordi.il  crnnium,  pi-eoisely  as  the  halvns  of  the 
neural  a.rch  grow  out  from  the  body  of  the  vei-tebra  and  finally 
terminate  in  the  dorsal  spine. 

In  thus  manner  there  in  developed  around  the  brain  in  the  case  of 
the  loioa'  Yertebrat««<,  in  which  the  axial  skeleton  rematmi  in  the 
cartilaginous  condition  throughout  life  (fig.  330),  a  closed,  tolerably 
thick-walled  capsule,  the  cartilaginous  primorilinl  eraniutn. 

In  the  hiyher  Vertebrates,  in  which  to  a  greater  or  less  degree 
processes  of  oesificAtion  occur  later,  the  pnraordial  cranium  attains  a 
less  complete  development,  as  is  shown  by  the  fact  that  Its  walls 
remain  thinner,  and  indet-d  acquire  at  some  plRc<-s  openings,  wliich 
are  closed  by  connective- tissue  membranes.  In  Mamtiuils  the  latter 
condition  occurs  veiy  ejrtcnwvely  in  the  roof  of  the  skull,  which 
becomes  cartilaginous  only  around  the  foramen  magnum,  whereas  in 
the  region  in  which  afterwai-ds  the  fifjntal  and  parietal  bones  are 
located  the  cranium  remrtins  membranous.  The  cartilage  attains  a 
greater  thickness  only  at  the  base  of  the  cranium  and  in  the  regions 
of  the  olfactory  organ  and  the  membranous  labyi'inth,  where  it  gives 
rise  to  the  nasal  and  ear  capsides. 

For  the  sake  of  better  orientation,  it  is  useful  to  distinguish  in  the 
primordial  cranium  different  regions.  There  are  two  different  prin- 
ciples of  division  that  may  be  employed  in  this  connection. 

Following  Geoenhauh,  one  can  di\-ido  the  primordial  cranium,  in 
accordance  with  its  relation  to  the  chorda  doratiUs,  into  a  posterior 
and  an  anterior  portion. 

The  posterior  region  reaches  up  to  the  dorsum  sillra  and  encloses  in 
its  basal  portion  the  chorda,  which  in  Man  enters  into  it  fi-om  the 
odontoid  pi-ocess  through  the  ligamentum  snspensorium  dentia.  The 
anterior  portion  is  developed  in  front  of  the  [winteil  end  of  the 
chorda  out  of  Rathkb'b  cranial  trabecule.  OEGBHBAiin  designates 
the  two  OS  vertebral  and  everlebral  regiojia  (for  which  Kollikes 
employs  the  names  chordul  and  prechordal) ;  he  shows  that  the 
vertebral  region  must  be,  ou  account  of  its  relation  to  the  chorda,  the 
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older  part  and  alone  compamble  with  the  retnainder  of  the  axial 
rtkeleton.that  thpnon-vertc'bralpart,on  theconlrHry.is  Alatpraoqiiisi- 
tion  anil  coiistitutcx  a  new  atru<;tiire,  which  hint  l)een  caused  hy  the 
foramrd  MtJ-nHJou  of  the  fore-hrain  vcsicli-  and  hy  the  development 
of  the  ot^tn  uf  amt'll,  to  the  eneloKing  of  nhieh  (iiiuuil  oapKule)  it 
contribnt^fl. 

The  necund  method  of  diviHion  ia  baxed  npon  the  different  appear- 
ance which  the  individual  regions  of  the  primordial  cranium  acquire 
through   their  rtbHoiis  to   the  gentf.  organs.     The  anterior  end  of 


the  cjirtiLogiiiouK  cttpi'tile  (fig,  330)  rewivrw  tlie  organ  of  nraell ;  a 
following  portiim  contitinn  depreaaions  for  the  cyebftlh* ;  in  a  third 
are  imbiilded  the  memlimnouB  auditory  InhjTinths;  finally,  a  fourth 
effectx  a  union  with  the  vertebral  column.  Consequently  one  may 
diatinguiith  an  ethmoidal,  an  orbital,  a  lahi/nnthine,  and  an  ooeipital 

In  addition  to  the  cartilaginonR  primordial  cranium,  there  are 
developed  in  the  hf«d  numerouc  cartilaginoits  pieces  (which  serve  as 
supports  to  the  walls  of  the  hoail-gut)  in  a  manner  similar,  although 
not  directly  comparable,  to  that  in  which  the  ribn  (fig.  330)  have 
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arisen  in  the  walls  nf  the  trunk  in  the  region  of  the  vfrt^bral 
column.  Together  they  conntitut»!  n  eki'letal  apparatus  which  under- 
goes iu  the  Beri»i  of  VertebrateB  very  profound  iind  interesting 
metivmorphoses.  Whereas  it  iittains  in  the  lower  Vertebrates  a 
gi-eat  development,  it  becomes  in  part  rudimentury  in  Heptile^,  Bii-ds, 
&nd  Mammals.  The  part,  however,  which  remains  furnishes  the 
foundation  for  the  facial  skeleton.  I  begin  with  a  short  i-ketch  of 
tha  original  conditions  in  the  lower  Vertt'brat«e,  CBpecially  in  the 
SeUchiana. 

As  has  been  described  in  a  previoun  chapter,  the  lateral  walls  of 
the  head-gut  are  traversed  by  the  visceral  clefts,  of  which  Ihei-e  ai-e 
ordinarily  as  mimy  as  six  in  Sharks  (fig.  331).  The  binds  of  sub- 
stance intervening  between 
the  clefts  are  citUed  hhe 
memhrattoui  throat-  or 
viseeral  ardiea.  They  con- 
idst  of  a  connective-tissue 
foundation  invested  with 
epithelium,  of  transversely 
etriped  muscle -fibres,  and 
of  the  viscera  I -11  ii'h  blood- 
vessels (see  p.  671).  Inas- 
much ae  they  have  diflerent 
functions  U>  fuldl,  and  con- 
sequently actjuii-e  diffei'ent 
forms,  they  ai-e  distin- 
guished t^juw-,  hyoid,  and 
hra/nohwl  cav/ies.    The  most 

anterior  of  them  ts  the  jaw-arch,  which  serves  to  bound  the  oral 
opening.  Following  this,  and  sepai-ated  from  it  by  only  a  ludi- 
.  mentiiry  visceral  cleft,  the  spiracle,  is  the  Ljoid  arch,  which  is 
connect«d  with  the  origin  of  the  tongue.  Ordinaiily  this  is  followed 
by  five  branchial  arches. 

At  the  time  when  the  membranous  piimonlinl  cranium  is  con- 
verted into  cartilage,  chondiitication  also  takes  place  in  the  con- 
nective tissue  of  the  TiunnhroMous  visceral  arches,  thus  producing  the 
cartUagiiwua  visceral  archea  (fig.  331).  These  eadiibit  a  r^ular 
segmentation  into  several  pieces,  placed  end  to  end  and  articulated 
with  one  another  by  connective  tissue. 

The  jaw-aivh  is  divided  on  either  side  into  a  cartilaginous  |ialato- 
qnadratiim   (lig.  330  0)  and  a   lower  jaw  (miiudibulare).      These 
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carry,  in  the  mucous  membrane  invefiting  them,  the  teeth  of  the 
jaws.  The  two  mandibular  elements  are  united  to  each  other  in 
the  median  plane  by  meana  of  a  mass  of  tense  connective  tissue. 
The  following  visceral  arches,  on  the  contrary,  are  alike  in  having 
their  lateral  halves,  which  are  divided  into  several  pieces,  joined 
ventrally  by  means  of  an  unpaired  connecting  piece,  the  copula,  in 
a  manner  similar  to  that  in  which  the  ribs  are  united  by  the  sternum. 
The  pieces  of  the  hyoid  arch  are  designated,  in  sequence  from  the 
dorsal  to  the  ventral  side,  hyomandibular,  hyoid,  and  (the  copula) 
OS  cntoglossum. 

In  Mammals  and  Man  (figs.  154,  157)  structures  similar  to  those 
of  the  Selachians  are  formed  in  the  membranous  stage,  but  sub- 
sequently they  are  only  in  part  converted  into  cartilaginous  pieces, 
which  in  turn  never  acquire  a  great  size,  having  meantime  lost 
their  original  function.  They  help  to  form  the  facial  part  of  the 
head-skeleton,  and  have  already  been  treated  of  partially  in 
previous  chapters — in  the  discussion  of  the  head-gut  and  of  the 
organ  of  smell.  I  am  therefore  compelled  for  the  sake  of  continuity 
to  repeat  much  that  has  already  been  presented  concerning  the 
visceral  skeleton. 

In  very  young  human  and  mammalian  embryos  the  mouth-opening 
is  bounded  on  the  sides  and  below  by  the  paii*ed  maxillary  and 
mandibular  pi-ocesses  (lig.  156,  compare  p.  284).  The  former  are 
widely  separated  from  each  other,  because  the  unpaii'ed  frontal 
process,  in  the  form  of  a  broad,  rounded  projection,  is  at  first 
inserted  from  above  between  them.  Afterwards  this  projection 
becomes  divided  by  the  development,  on  its  rounded  surface,  of  the 
two  nasal  pits  with  the  nasal  grooves  leading  down  to  the  upper 
margin  of  the  mouth  (compare  p.  513);  it  is  then  divided  into  the 
outer  and  inner  nasal  processes.  The  former  are  sepai-ated  from  the 
maxillary  process  by  a  groove,  which  runs  from  the  eye  to  the  nasal 
furrow,  and  is  the  firat  fundament  of  the  lachrymal  duct. 

I^hind  the  first  visceral  arch  comas  the  hyoi<l  arch  (figs.  157,  158 
zb),  the  two  being  separated  by  a  small  visceral  deft,  which  becomes 
the  tympanic  cuvity  and  Eustachian  tul)o.  This  is  followed  by  three 
additional  visceral  arches  with  three  visceral  furrows  (or  clefts), 
which  are  of  only  short  duration. 

During  a  later  stage  fusions  take  place  between  the  processes  that 
surround  the  oral  opening  (fig.  332). 

The  maxillary  processes,  by  gi-owing  farther  inward,  meet  the 
inner  nasal  processes,  fuse  with  them,  and  pixxluce  a  continuous 


THB  ORGANS      F   THE     NTKKMED  ATE    Ji    ER    OK   *EBtNC    ME.    611 

uppe    boundary  to  the  mo  tb      In  this  way  e.  ch  olfactory  pit  with 

its  nasal  groove   ib    onverted    nto       canal    wh  cL  lead,     nto   the 

oral  cav  ty  through     n    n  j         ^     |        1   h  ud     li     ma  -fiin  of 

the  upper  jaw      T!  e 

memb  "anous  margin 

of     the      pper    and 

lower  jaw3  albo  lose 

the  r  superficial  pos 

tionu      becauHe     the 

skin  that  oo  era  tbem 

18  raised  up  mto  ex 

ternally      project  ng 

folds     nd  fo  mi  the 

iip6,whicl    from  thL 

time  forva'd  con  t 

tute  the  boundary  of 

the  oral  opening. 

A  third  stage,  with  '"'"^  "" 

the  develop7iient  of  l/ie  palate,  practically  complet«i  the  formation  of 
the  face.  (Compare  pp.  515-17.)  From  the  membranous  upper  jaw 
there  arise  two  ridges  projecting  into  the  month-cavity  (tig.  290) ; 
these  become  enlarged  into  the  ixtlatal  plates,  which  grow  hoiizontally. 

The  plates  meet  in  the  median  plane  and  fuse  with  «;ach  other  and 
with  the  median  pitrt  of  the  [rontal  process,  which  has  meantime 
become  reduced  by  the  enlargement  of  the  olfaetoiy  organ  to  the  thin 
nasal  septum.  Thus  there  is  cut  o2'  from  the  primary  oral  cavity 
an  upper  chamber,  which  contributi'E  to  the  enlargement  of  the  nasal 
cavity,  and  which  opens  into  the  pharyn.v  through  the  posterior 
nares;  at  the  same  time  [as  the  result  of  this  growth]  there  has 
ariseu  a  new  roof  of  the  mouth-cavity,— the  palat«, — which  is  after- 
wards differentiated  into  hard  and  soft  palate. 

A  further  differentiation  of  the  face,  which  is  now  in  the  mem- 
branous stage  of  development,  is  brought  about  by  the  process  of 
chondrificatiou.  This  produces,  however,  in  Mammals,  as  compai'ed 
with  SelnehiaiiB,  only  smaU  and  unimpoi-tant  skeletal  structures. 
Some  of  these  structures  undergo  degeneration  I  Meckel's  cartilage), 
acme  are  utiiiseil  as  auditory  ossiclee  in  the  function  of  hearing,  and 
othera  are  united  to  form  the  fundament  of  the  hyoid  bone.  They 
arise  from  the  soft  tissue  of  the  lii'st,  second,  and  third  visceral 
arches  ;  in  the  cose  of  the  foutlh  and  fifth  oi'chee  there  i<i  not  even 
a  process  of  cbondi-ification  in  Mammals,  so  that  with  the  clcwure  of 
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the  fiHHureH  they  are  no  longer  recognisable  as  distiiict  parts,  unless 
perhaps  the  thyi'oid  cartilage  is  to  be  referred  to  them  (Dubois). 

I  will  describe  the  conditions  in  detail,  first  in  the  case  of  sheep 
embryos  of  different  stages  of  development,  and  then  in  the  case  of 
a  human  embryo. 

In  a  sheep  embryo  2  cm.  long  there  are  to  be  found,  according 

to  the  account  d 
Salensky  (fig.  333), 
two  long  and  slender 
cylindrical  cartila- 
ginous rods,  one  in 
front,  the  other  be- 
hind the  first  viscenl 
cleft ;  their  posterior 
(proximal)  ends  abut 
upon  the  labyrinth- 
r^on  of  the  primor- 
dial cranium,  and  are 
here  united  to  each 
other  by  means  of 
embryonic  connective 
tissue.  In  older  em- 
bryos (fig.  334)  the 
first  visceral  arch  be- 
comes at  its  upper 
[proximal]  end  more 
and  more  distinctly 
segmented,  by  means 
of  constrictions,  into 
two  smaller  pieces 
and  a  larger  one. 
The  first  small  piece, 
the  one  lying  next 
to  the  wall  of  the 
labyrinth,  gradually  assumes  the  foim  of  the  incus  (am)  with  its 
pi*oees8es,  the  second  becomes  the  malleus  (/mz)  ;  the  two  are  joined 
by  means  of  a  mass  of  connective  tissue.  The  third  piece  (mk)  is  of 
considerable  length,  and  has  the  form  of  a  cylindrical  rod;  it  is 
enclosed  in  the  membranous  lower  jaw,  and  is  designated  in  honor 
of  its  discoverer  as  Meckel's  ca/rtilage.  It  remains  for  a  long  time 
in  union  with  the  fundament  of  the  malleus  by  means  of  a  narrow 


Fift.  338,  881— The  diMeoUd-out  oartalafM  of  Meckel  and 
Rkkheht  with  the  fondiuiieiit  of  the  auditory  otaiolee, 
from  a  sheep  embryo  8*7  om.  loBf .    After  Salensky. 
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cartilaginous  bridge,  upon  which  the  long  process  (pr.  gracilis)  of 
the  malleus  is  afterwai-ds  developed  by  porioatoal  ossificution.  The 
aecoud  visceral  luvh  (eb)  becomes  incorporated  in  the  hyoid  bone. 

In  a  huniAi)  embryo  of  the  fifth  month  one  observes  structures 
similar  t«  those  just  deiwribed,  only  somewhat  further  developed. 
Figure  335  exhibits  the  incus  (nm),  easily  recognised  by  its  form, 
lying  on  the  wall  of  the  labyrinth  ;  with  it  is  articulatetl  the  malleus 
{ha),  the  long  process  of  which  is  conliunous  with  Mrckel's  cartilage 
{MJC).  This  e:ftends  ventrally  as  fftr  aa  the  median  line,  where  it 
is  united  with  the  cartilage  of  the  opposite  mde  by  means  of  con- 
nective tissue — a  kind  of  symphysis. 

The  second  viaeeml  cartilage,  called  also  Rbicbert's  cartilage,  has 
become  divided  into  three  portions.  The  uppermost  portion  is  fused 
with  the  labyrinth -region — the  petrous  portion  of  the  temporal  bone 
— and  constitutee  the  fundament  of  the  pi-ocessua  styloideiis  (yr/") ; 
tlie  middle  portion  has  become  fibrous  tissue  in  Man,  and  forms 
A  strong  ligament,  the  lig.  stytohyoideum  {Utii),  whereas  in  many 
Uammals  it  becomeu  a  largo  cartilage- ;  the  thinl  and  lowent  portion 
produces  the  lesser  comu  (^i)  of  the  hyoid  bone.  This  sometimes 
becomes  developed  to  a  great  length  by  the  chondriGcntion  of  the 
lower  part  of  the  Hgamentum  stylohyoideum,  and  reaches  up  very 
cloMe  to  the  lower  end  of  the  stylohyoid  process. 

In  the  third  visceral  ikrch  chondrification  tJtkcs  place  only  in  the 
ventral  tracts,  producing  upon  the  sides  of  the  neck  the  greattT  cornua 
of  the  hyoid  bone  {g/t).  Greater  and  lesser  cornua  are  attached  to 
ftn  unpaired  median  piece  of  cartilage,  which  corresponds  U>  a  copula 
of  the  viscei-al  skeleton  of  Selachians  and  becomes  the  body  of  the 
hyoid  hone. 

The  third  auditory  ONsicle,  the  itapes  (fig.  335  s(),  also  belongs  to 
the  visceral  apparatus ;  it  has  been  left  unuientioned  until  now, 
because  there  is,  even  at  present,  a  wide  diflei-ence  of  opinion  con- 
cerning it«  devt'lopment.  According  to  the  original  view  of  Reichert, 
which  Qegenhauh  in  also  inclined  to  adopt,  the  stapes  anses  from 
the  upperaiotit  end  of  the  hyoid  areb.  KOlliker  refers  it  to  the 
first  visceral  arch.  Acconling  to  Grubek  and  Parker,  on  the 
contrary,  it  arises  in  connection  with  the  fenestra  ovalLi,  as  though 
tt  were  out  directly  out  of  the  outer  wall  of  the  labyrinth. 

According  to  the  recent  investigations  of  Salensky,  Gradeniod, 
and  Rabl,  it  appears  to  vie  that  the  slapM  luu  a  double  oriyin, 
ansing  from  <u»  different  parli. 

The  plate  of  the  stapes,  which  is  lot  into  the  fenestra  ovniis,  is 
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difTerentiated  in  the  mnnDsr  first  Mnphn^oRed  ly  Grrbkr  anit  Farkkb, 
Aud  now  again  by  ClaADEMoo,  out  of  the  cartilagiuous  capsule  of  the 
Inhyrinth.  Its  development  therefore  agrecB  witji  tlwt  of  the  oper- 
culiiin  of  the  Amphibia,  an  described  by  SrliER.  The  ring-like  part 
of  the  stnpes,  on  the  contrary,  comefi  from  the  upper  end  of  the 
second  viscenJ  [liyoid]  arch,  which  lies  in  contact  with  thp  capsule 
of  the  liibyrinth  (Oradkhioo,  Rabl).     Ita  ring-like  condition  results  J 
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from  the  fact  that  the  titene  from  which  it  is  formed  is  traverMd'^ 
by  a  Nmall  branch  of  the  carotia  interna,  the  arteria  uandibnlariB  o 
perforans  Bta]MXlia.     In    Man    and   oei-tain    of  tlie    Mammals  this  J 
subsequently  degenerates  entirely,  whereas  in  othera  (Rodents,  In-  J 
BedivoroH,  etc.)  it  remainn  an  a  vessel  of  coiisidefable  uze. 

Both  fundaments  of  the  stapes  fnse  with  each  other  very  etuiy  | 
and  form  a  smalt  cartilage,  which  on  the  nne  hand  aiiiciilates  wiAl 
the  incus  by  means  of  a  lenticular  connecting  elenient  (om  lentifomeM 
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&ni]  oil  the  other  repoms  with  itn  plat«-like  base  in  the  Feneetrti 

The  view  here  adopted — th»t  the  atapea  belongs  to  the  eeL-oni),  the 
malleos  ivnA  jbcum  to  the  first  viaceral  nrch — is  supported  by  the 
imparUtnl  reUilimt  of  i/i«  nerve*  in  their  diatribvtion  to  the  vuiKndue 
alapalv'ii  ami  Id  the  Immr  ti/mpa/ni,  as  has  recently  been  lightly 
pointeil  out  by  Rabu.  T/ie  mtude  of  t/ie  atapex  U  mipplitvi  from  tiie 
nerve  of  ifie  aeamd  viaceral  arch,  the  nervus  faci/Uia ;  it  forma  piirt 
of  a  group  embracing  the  m.  atylohyoideus,  and  the  poxterioi-  belly 
of  the  digastric ;  l/ie  muadii  of  Uie  malleite  receii<et  a  branoh  of  the 
Irigemintie,  which  i*  the  neme  of  the  tiiatulibular  arch. 


Tlie  MpsratiDD  of  the  LcrrtturitKj  of  inncrrntiua  prevails,  moreover,  with  the 
(Onscles  q[  the  palate,  one  of  whicli— ttie  tonaur  veli  palatini— arises  i»  front 
of  the  Eastochlaa  tnlie— the  remnant  of  the  StbC  visceral  eleft — and  is 
therefore  supplied  by  the  n.  trigeuiinna,  whereas  the  levator  veii  palatini  anrl 
uygoH  uvuIk  lie  behind  It,  aod.  becauso  belonging  to  the  ttjoid  anth,  reoeive 
briiiio)ies  from  the  d.  facialis  (Rabi.). 

At  fimt  all  the  auditory  cosioles  lie  imbedded  in  a  soft  gelatinous 
tissue  outside  the  tympiwiic  cavity,  which  still  has  tho  form  of  a 
narrow  finsure.  Those  conditions  are  not  altered  until  after  birth. 
The  tympanic  cavity,  taking  in  air,  then  becomes  enlarged,  its 
mucous  membrane  is  cvaginatod  between  the  auditory  ossiolen, 
and  the  gelatinoui;  tttwite  juat  mentioned  nndergoe«  h  process  of 
shrinkage.  Auditory  ossiclea  and  chorda  tympani  thus  come  to 
lie  ap[iarently  free  in  the  tympanit  cavity;  accurately  considered. 
.however,  they  are  only  crowded  out  into  it,  tor  oven  in  the  adult 
they  are  enclosed  in  folds  of  the  mucous  membrane,  and  by  means 
of  thexe  they  pi-eserve  their  original  and  genetically  cfltiiblishoil 
connection  with  the  wall  of  the  tympanic  cavity. 

Up  to  the  present  stage  the  construction  of  the  head-skeleton  is. 
on  the  whole,  simple.  In  the  thii-d  stage  of  development,  on  the 
contrary,  upon  the  beginning  of  the  pi'oci}Hs  of  osaifj cation,  it  attains 
in  a  short  time  a  high  degree  of  complication,  which  is  eiTecteil 
Hipedally  by  the  development  of  two  cntir<'ly  dilFerent  kinds  of 
bone,  one  of  which  has  been  called  primordial  bone,  the  other 
«o\'eriug  bone  (Deck-  oder  Belegknochen). 

Primordial  Imnea  are  sucA  as  are  ilevelopeil  out  of  the  eartth^nowt 
aVeUtan.  Flither  there  arine  centres  of  ossification  within  the  carti- 
lage after  softening  anil  di&solution  of  its  matrix,  as  was  described 
in  the  oaaification  of  the  vertebral  column,  the  ribs,  and  the  stemtun, 
or  the  peiichondrium  alt^-ra  its  formative  (ictivity,  and  secretes,  in 
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place  of  layerH  of  cartilage,  bony  tLssue  upon  the  already  formed 
cartilage.  In  the  finit  instance  one  can  speak  of  an  endochondral, 
in  the  f>econd  instance  of  a  perichondral  o8sification.  The  cartilaginous 
primordial  skeleton  can  be  crowded  out  and  replaced  by  a  bony  one 
in  both  ways,  remnants  of  cartilage  of  greater  or  leas  oAgnitude 
being  preserved  in  the  several  classes  of  Vertebrates. 

The  caveriwj  bones,  on  the  contrary,  ariee  outside  the  primordial 
cranium  in  the  connective  tissue  enveloping  it,  either  in  the  skin  which 
covers  its  surface  or  in  the  mucous  membrane  that  lines  the  head-guL 
They  are  therefore  ossifications  which  do  not  occur  on  any  other  part 
of  the  axial  skeleton  and  which  are  also  at  first  foreign  to  the  skeleton 
of  the  head.  Consequently  in  early  stages  of  development^  and  in 
many  classes  of  Vertebrates  even  in  the  adult  animal,  they  can  be 
dissected  off  without  in  any  way  injuring  the  primordial  cranium. 
It  is  otherwise  with  the  primary  bones,  the  removal  of  which  always 
causes  a  partial  destruction  of  the  cartUaginous  skeleton. 

If,  asjiist  now  stated,  the  covering  bones  are  at  first  foreign  to  the 
skeleto7i  of  the  head,  there  arises  the  question  of  their  source.  To 
answer  this  I  must  go  back  a  little. 

In  lower  Vertebrates  there  is  developed,  besides  the  internal  carti- 
laginous axial  skeleton,  an  external  or  dermal  skeleton^  which  serves 
for  the  protection  of  the  surface  of  the  body,  and  is  also  continued 
at  the  mouth  for  some  distance  into  the  cavity  of  the  head-gut, 
where  it  may  be  designated  as  mucous-membrane  skeleton.  In  the 
simplest  condition  it  consists,  like  the  scaly  armor  of  the  Selachians, 
of  small  close-set  denticles,  the  plaooid  scales,  which  have  arisen  from 
ossifications  of  dermal  and  mucous-membrane  papillse.  In  other 
groups  of  the  Fishes  the  dermal  armor  is  composed  of  larger  or 
smaller  bony  plates,  which  bear  upon  their  surfaces  numerous 
denticles  or  simple  spines.  Tliey  are  described  according  to  their 
form  and  size  as  scales,  scutes,  plates,  or  dermal  bones ;  they  are 
explainable  in  a  very  simple  manner  as  derivatives  from  the  Sela- 
chian armor  of  placoid  scales,  by  the  fusion  at  their  bases  of  larger  or 
smaller  groups  of  denticles,  which  thus  produce  larger  or  smaller 
skeletal  pieces.  The  larger  bony  pieces  arise  principally  in  the 
region  of  the  head,  and  especially  at  the  places  where  cartilaginous 
parts  of  the  cranial  capsule  or  of  the  vLsceral  arches  approach  close 
to  the  surface.  Thus  in  many  Ganoids  and  Teleosts  the  brain  is 
found  to  l>e  enveloped  by  a  double  capsule — an  inner  capsule,  either 
purely  cartilaginous  or  provided  with  centres  of  ossification,  and  a 
bony  armor  lying  directly  upon  it. 
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In  ihe  hUilter  VerUbrateg  the  vtoat  of  Hie  demud  tkrietim  hag  eotn- 
pUtdy  dofeaeraled,  htil  on  IM  head  it  m  m  lari/f  part  firfserced, 
aiul  fumUlies  tke  preinoualy  mentioned  covering  Itaneg,  which  serve 
to  sitjyplmient  ami  compkU  the  iidemoi  ikeUlon. 

An  interesting  insight  into  the  original  mctbod  of  tlio  developmeut 
of  covering  boneK  can  atill  be  acqiiii-eii  in  many  of  the  Ampliibiaos 
(fig.  336).  For  example,  tlie  vomer  and  the  palatinum,  wliich  are 
covei'ing  bones,  arise  in  very  young  Triton 
Inrvw  by  the  formation  of  small  denticles 
{fi')  ill  the  mucous  membrane  of  the  oral 
tavity,  and  by  the  fusion  of  their  bases  to 
form  amall  tooth-bearing  plates  of  bone 
(i,  s).  These  plates  increase  in  size  for 
a  time,  owing  to  the  establishment  in  the  K*-  M«.-Vom»  nf  u  Aioisti 
neighboring  mucous  membi-ane  of  addi-  „y  t™fii«irin"'irf't^th  (;.  o  n 
tionaldentalspines, which becomenttaohed  iwrtbiieiiriDg  him  at  Uono 

to  their  margins ;  afterwards  they  often  nuBuhmoo.     i-.  A|>t«  ot 

lose  the  equipment  of  denticles,  which  nre  *""'  *"  i"™"™  "f  i>«»iop- 

destroyed  by  being  resorbed.  nitnotasi  to  Uta  nurgin  at  Uii 

It  may  be  said  that  the  original  procesn  '"'■*  I''"''  •"''  ™""iiiiii«  lo 

in  the  development  of  covering  bones  here 

desoribed  is  abbreviated  in  moat  of  the  Amphibia.  For  at  the  places 
in  the  mucous  membrane  which  the  vomer  and  the  paJatiniim  occupy, 
the  tips  of  denticles  are  not  even  begun  ;  but  in  the  layer  of  tissue 
in  which  otherwise  the  bases  of  the  denticles  would  have  been  fused, 
ft  process  of  direct  ossification  takes  place.  In  the  same  abbreviated 
way  the  covering  bones  arise  in  all  Reptiles,  Birds,  and  MAmmabi. 

The  bIcu11«  of  many  Amphibia  (Frog,  AxolotI)  likewise  aflbrd  the 
best  explanation  of  the  original  relation  of  the  covering  bones  to  the 
primotilifti  skeleton  (lig,  337).  The  covering  bones  are  found  to  l>e 
loosely  superposed  upon  tlie  primordial  cranitun,  from  which  they  mn 
be  euMily  removed.  Thu-s  upon  the  left  side  of  the  accompanying 
figiiiv  the  preniitxillaria  (Pinx),  maxillaria  (if),  vomer  (I'd),  piilati- 
num  {f'al),  pterygoid  (Ft),  and  piiriuiphenoid  (/*«)  have  been  detacher!, 
whereiks  upon  the  right  side  they  have  been  retained.  After  thcii' 
detachment  there  is  left  the  ijiner  ht'ad-ftkeleton  pro[)er — a  capsule 
still  contiisting  in  great  part  of  the  original  cartilaginous  tissue 
{If,  N',  PI',  Qu),  into  which,  however,  there  ni-e  introduced  at  some 
places  bony  pieces :  the  occipitalia  (Olat),  petrosa  (Pro),  sphenoidea 
JBplienethmoid]  (f!),  etc. 

In  the  liigher  Vertebrates,  especially  in  Mammals,  the  primordial 
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cranium,  tho  primary  oRxifirations,  And  tlit-  oovprin;;  bonm,  which  in 
flnhefl  and  Amphibia  ar«  etuiily  diHtingiiishnble  from  one  another 
even  in  the  ndult  animals,  are  to  be  recogniRed  ivi  neparate  parts  only 
in  very  early  Htagefl  of  development ;  later  it  bewwnea  more  difficult 
to  distinguish  them,  at 
;\-    \  laxt  impoesible.     This  is 

due  to  Revcral  things : — 
Fintt,  the  cartila- 
ginous primordial  cra- 
nium if)  laid  down  from 
the  beginning  in  a  rudi- 
mentary condition: 
then,  too,  a  large  part 
of  the  roof  iM  wanting, 
the  opening  being  clofied 
by  a  connectiTc-tisane 
membrane. 

Secondly,  the  cartila- 
ginous primordial  cra- 
nium Rubsequcntly  dix- 
appenn  nlmont  entirely, 
partly  by  being  dissolved, 
partly  byconvertuon  into 
primordial  lx>nps.  There 
])eisi.'4t  small  rmnnants, 
which  have  been  rOained 
onlij  in  the  earttlagitumt 
niaiiiUm :  K,  S',  cnniiiwinoiu  naui  fnuiirnnrk :  BfpUivi  nariuni  and  the 
II,  f,  17,  |.i«™  ur  ■ni.oTgm.w  of  I..  «i«i™..  „.  iri-     carliUu/ta   of    the   outer 

noM  connected  with  it. 
Thirdly,  in  the  fully  doA'cloped  akuU  the  primonlial  bones  and  the 
covering  bones  are  no  longer  distinguishable  ;  for  the  latter  lose  their 
superficial  position,  l)ecome  intimately  united  to  the  bones  derived 
from  tho  primordial  cranium,  and  with  them,  filling  up  the  gaps, 
constitute  a  firm,  closeii,  bony  receptacle  of  mixed  origin. 

FouHhly,  in  the  adult  animal,  bones  which  in  the  embryo  are 
formed  separately,  and  in  lower  Vcrti-bratt's  always  remain  thus,  are 
oft«n  fused.  There  is  a  fusion  not  only  Ix'tween  bones  of  like  origin, 
but  also  between  primordial  and  covering  bones,  whereby  it  finally 
becomes  altogether  impwwible  to  distinguish  them.  Xfany  of  the 
bonet  of  the  human  cranium  are  eonaeijuently  Imne-cmnplexee. 
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It  nuiy  he  Hated  as  a  genertU  rvU  that  the  oaaificatuma  on  lh»  baae 

awl  fides  of  thn  cranwiim  art  primordial,  but  tlutt  on  t/ie  roof  atid  in 
the/aoe  covering  timet  make  Ihdr  appearance. 

The  following  piirte  of  tho  hiimttn  Kkull  lielong  to  the  primordial 
demeriia:  (1)  oceipitale,  except  thu  upper  part  of  the  squamous 
portion ;  (2)  the  sphenoidale,  except  the  internitl  pterygoid  phite ; 

(3)  I'thmoidale  iirid  turbinatum  ;  (4)  pctroeum  and  mastoid  portione 
of  the  temporale ;  (5)  the  anditory  osfiicles— malleue,  incuH.  and 
stapes;    (6)  the  body  of  the  hyoides,  with  it*  greater  and   lesser 

The  following  are  eooeriii^  bonee :  (I)  the  upper  part  ot  the 
squamous  portion  of  the ocdpitale  ;  (2)theparietale;  (3)  thefrontale; 

(4)  the  aqnamoas  portion  of  the  temporale  ;  (5)  the  internal  pterygoid 
plate  of  the  sphenoidale ;  (6)  the  annuhis  tympanicus ;  (7)  palatinum  ; 
{8)  vomer:  (9)  nasalc;  (10)  lachiymale ;  (11)  ny^omaticum ;  (12) 
miixiU»  sup. ;  (13)  mnxillfe  inf. 

I  will  now,  after  this  sui-vey.  give  a  somewhat  more  detailed  account 
of  the  development  of  the  bones  of  the  head  enumerated  above. 


I.  Jione^  of  lite  <''ranial  Cupvule. 

(1)  T/ui  oceipilak  i«  at  fii'st  a  cartilaginous  ring  surrounding  the 
foramen  magnum  ;  it  begins  to  oHsify  early  in  the  thi>d  month  at 
four  points.  Ono  centre  ot  ossification  is  formet)  below  the  fommen, 
another  above,  and  two  more  at  it«  sides.  In  this  way  there  arise 
four  bones,  which  are  joined  by  broader  or  narrower  buniLi  of  carti- 
lage, accoi'ding  to  the  degree  of  their  development.  In  the  lower 
Vertebrates— Pishes,  Amphibia  (fig,  337  Oin()— they  remain  in  this 
condition  as  sejharnte  bones,  and  arc  designated  as  occipitaln  basilara, 
oc.  superius,  and  oc.  laterale. 

To  these  are  addeil  in  Maroroiils  and  Man  a  covering  bone,  which 
arises  from  two  ceutree  of  ossilication  in  the  connective  tissue  farther 
above  the  foramen — ihe  interparietide.  This  begins,  even  in  the  third 
ftetal  month,  to  fuse  with  the  supeiior  occipitHl  bone  to  ccmstitute 
the  squama  ;  however,  up  to  the  time  of  birth  furrows  running  in 
from  right  and  from  left  mark  the  boundary  of  the  two  genetically 
different  parts.  In  the  new-bom  child  squama,  occipitalis  lateralia 
and  oc.  basilare  are  atill  separated  f  i-om  each  other  by  thin  remnants 
of  cartilage.  Then  in  the  first  year  the  sipinmii  fuses  with  the 
lateral  parts  (partes  condyloideas),  and  finally  there  is  united  with 
these,  in  tlie  third  or  fourth  year,  tlie  pars  bo-silaris.     The  oceipitale 
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is    therefore  a  complex   that  has  originated   from    five    separate 
bonas. 

(2)  The  apherioidcde  also  arises  from  numerous  centres  of  ossifica- 
tion,  which  appear  in  the  base  of  the  primordial  cranium,  and  which 
in  the  lower  classes  of  Vertebrates  represent  parts  of  the  cranial 
capsule  that  remain  separate.  In  the  anterior  prolongation  of  the 
pars  basilaris  of  the  occipitale  there  appear  in  the  vicinity  of  the 
sella  turcica  an  anterior  and  a  posterior  pair  of  centres,  which  con- 
stitute the  fundaments  of  the  bodies  of  the  anterior  and  posterior 
sphenoidea.  At  the  sidas  of  these  there  are  developed  special  centres 
of  ossification  for  the  lesser  and  for  the  greater  wings. 

In  most  Mammals  the  lesser  wings  fuse  with  the  anterior,  the 
greater  with  the  posterior  body.  Thus  there  are  formed  two 
sphenoidea,  an  anterior  and  a  posterior,  which  are  placed  in  front  of 
the  occipitale,  and  are  separated  from  each  other  by  a  thin  strip  of 
cartilage.  In  Man  these  two  bones  become  joined  together,  by  the 
ossification  of  the  cartilaginous  strip  mentioned,  to  constitute  the 
unpaired  single  sphenoidale,  with  its  many  processes.  The  fusions 
of  the  numerous  separate  ossifications  take  place  in  the  following 
order.  In  the  sixth  foetal  month  the  lesser  wings  of  the  sphenoid 
fuse  with  the  anterior  body ;  shortly  before  birth  the  latter  unites 
with  the  posterior  body,  and  in  the  first  year  after  birth  the  greater 
wings  are  united  with  the  rest.  From  the  latter  the  outer  pterygoid 
plates  grow  downward,  wliereas  the  inner  pterygoid  plates  are  Jomied 
aa  coveriny  hones.  For  in  the  connective  tissue  of  the  lateral  wall  of 
the  oral  cavity  there  is  developed  a  special  region  of  ossification ; 
this  furnishes  a  thin  bony  lamella,  which  Ls  preserved  in  many 
Mammals  as  a  special  skeletal  element  (os  pterygoideum)  lying  on 
the  pterygoid  pi*oce&s  of  the  sphenoidale.  In  Man  it  early  fuses 
with  the  sphenoidale,  not withstan< ling  it  has  an  entirely  different 
origin  from  the  latter. 

(3)  TJie  temper  ale  Ls  a  complex  of  various  bones,  the  greater  part  of 
which  aiv  still  separate  in  the  new-born  infant.  The  os  petrosum 
with  the  mastoid  process  is  developed  from  numerous  centres  of 
ossification  in  that  part  of  the  primordial  cranium  which  encloses  the 
organ  of  hearing,  and  has  therefore  been  designated  as  cartilaginous 
ear-capsule.  With  it  is  united  after  birth  the  styloid  process,  which 
in  the  embryo  is  a  caHilaginous  rod  that  Ls  derived  from  the  upper 
end  of  the  second  visceral  arch  and  that  ossifies  from  its  own 
independent  centre. 

To  the  primordial  bones  there  are  added  in  Man  two  covering 


THE   OKOANB  C 


'.   IKTEBIIEDIATB   T 


MESENCHYME.    (i*21 

ban&«, — egvama  and  pars  tympanietis, — which  afs  as  foreigu  to  the 
primordial  craniiira  as  the  puiietai  or  frontal  bones.  Of  these  the 
purs  tympiinicuH  (tig.  335  pr)  is  at  first  ii  narrow  bony  ling,  which 
serves  as  it  frame  for  the  tynipanio  membrane.  It  is  developed  in 
connective  tiHSue  outside  of  the  auditory  ossicles,  and,  in  particular, 
outside  the  malleus  (Aa)  and  the  connected  MECKBr,'s  cartilage  {MK). 
Thus  in  explained  the  pot^ition  of  the  long  process  of  the  malleus  in 
the  fiseiira  petrotympanica,  when,  satm  after  bii-th.  the  primordial 
and  covering  bones  fu'^e  with  each  other.  For  the  auniilus  tym- 
panicuB  gradually  becomes  broadened  into  a  bony  plate,  which  serves 
as  a  euppoil  for  the  external  meatus.  This  plate  then  fusee  with 
the  petrosal  bone,  except  along  iv  narrow  cleft, — the  fissura.  petro- 
tympanica  or  Glaseri, — ^which  i-emains  open,  because  here  the  chorda 
tympani  and  the  long  process  of  the  malleus  were  in  the  embryo 
shoved  in  between  the  bones,  while  they  were  still  separate. 

In  lower  Vertebrates,  and  also  in  many  Mammals,  the  piecei^ 
mentioned  remain  separate,  and  are  distinguished  in  comparative 
anatomy  as  os  petrosum,  oh  tympiinicum,  and  os  squamosiun. 

(4)  The  ethvioi/laU  and  the  hirbinatum  of  the  nose  are  primordial 
bones,  which  are  developed  out  of  the  posterior  pui-t  of  the  cartila- 
ginous nasal  capsule,  whereas  the  anterior  part  remains  cartilaginouB 
and  becomes  the  cartilaginous  septum  nasoi-um  and  the  external  nasal 
cartilages. 

"  The  ossification  begins  in  the  lamina  papyracea  in  the  fifth 
month.  Then  follows  tliu  ossitication  of  the  lower  and  middle 
turbinals.  At  birth  these  are  united  by  means  of  cartilaginous 
portions  of  the  ethmoidale.  After  birth  the  vertical  plate  with  the 
crista  galU  is  the  first  to  ossify ;  then  follows  the  ossification  of  the 
upper  turbioal  and  of  the  gradually  developed  labyrinth,  from  which 
the  ossification  advances  to  the  corresponding  halves  of  the  cribri- 
form plate.  The  union  of  the  two  lateral  halves  with  the  lamina 
perpendicularis  does  not  take  place  until  between  the  fifth  and  the 
seventh  year."     (Geoehbaur.) 

Of  the  covering  bimes  of  tlie  primordial  cranium,  which  in  general 
begin  to  ossify  at  the  beginning  of  the  third  month,  the  following 
remain  separate :  the  ]>arietale,  frontalc,  nasalc,  lachrymale,  and 
Uf  these  the  frontale  is  originally,  like  the  others,  a  paired 
structure,  and  still  continues  in  this  condition  into  the  second  year 
after  birth,  when  the  closure  of  the  Frontal  suture  begins.  Nasale 
and  lachrymale  are  covering  bones  of  the  cartilaginous  nasal 
capsule.     The  vomer  arises  as  a  paired  etructure  at  the  sides  of  the 
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cartilaginous  septum  of  the  nose  in  the  third  month.     The  two 
lamellae  aftei-wards  fuse,  the  cartilage  between  them  disappearing. 

II.   Bones  of  the  Visceral  Skeleton. 

The  remaining  bones  of  the  head,  which  have  not  been  mentioned 
hitherto,  belong  to  the  visceral  skeleton,  some  of  them  being 
primordial,  others  covering  bones. 

The  hyoid  bone  and  the  auditory  ossicles  (perhaps  also  the  thyroid 
cartilage)  are  primordial  parts;  they  are  characterised  by  very 
diminutive  size  and  occupy  a  very  subordinate  position  in  comparison 
with  the  enormously  developed  covering  bones.  The  hyoides  begins 
toward  the  end  of  embryonic  life  to  ossify  at  several  points.  The 
auAUory  cartUagea  acquire  from  the  periosteum  as  early  as  the  fourth 
month  a  bony  investment,  within  which  here  and  there  remnants  of 
cartilage  persist  even  in  the  adult.  According  to  recent  researches, 
the  malleus  is  a  compound  skeletal  piece.  The  long  process  is  de- 
veloped as  a  covering  bone  on  that  part  of  Meckel's  cartilage  which 
penetrates  between  petrosal  and  annulus  tympanicus.  While  the 
cartilage  undergoes  degeneration,  the  covering  bone  fuses  with  the 
larger,  primordial  part  of  the  malleus.  It  probably  corresponds 
with  the  OS  angulare  of  lower  Vertebrates. 

The  covering  bones  of  the  visceral  skeleton^  the  maxillare  superius, 
palatinum,  pterygoideum,  zygomaticum,  and  maxillare  inferius,  are 
developed  in  the  vicinity  of  the  mouth-opening  in  the  connective 
tissue  of  the  superior  and  inferior  maxillary  processes. 

The  maxUlaria  superiores  are  a  complex  of  two  pairs  of  bones, 
which  indeed  remain  separate  in  most  Vertebrates.  One  pair  is 
developed  on  the  two  superior  maxillary  processes  laterad  of  the 
cartilaginous  nasal  capsule.  The  other  pair  appears  in  the  eighth  or 
ninth  week,  aooording  to  Th.  K6lliker*s  detailed  investigations, 
upon  the  part  of  the  f  1*011  tal  process  that  lies  between  the  nasal 
orifices.  It  coiTeapontls  to  an  actual  paired  internvaaciUary  (pre- 
maxillare),  and  subsequently  encloses  the  fundaments  of  the  four 
incisors. 

The  two  intermaxillaries  in  Man  early  fuse  with  the  fundaments 
of  the  two  superior  maxillaries,  the  two  membranous  superior 
maxillary  processes  having  pi^eviously  united  with  the  inner  nasal 
processes.  The  boundary  l)etween  maxillary  and  intermaxillary  is 
indicated  on  the  crania  of  young  persons  by  a  suture-like  place 
(sutura  ineisiva),  running  transversely  outward  from  the  foramen 
incisivum,  which  is  occasionally  retained  even  in  the  adult. 
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Thei«  early  grow  out  from  the  two  superior  miixillanes  into  the 
palatal  proceeues  horizontal  latuellte  which  produce  the  two  palatal 
bontM — the  hard  or  bony  palate. 

Palatals  and  pti-vygoids  are  developed  in  the  I'oof  antl  side  walls  of 
the  oral  cavity ;  they  are  connequently  mucouB-membiane  boneu. 
The  pterygoids  apply  thenmelvw,  as  was  Htal«d  on  p.  620,  to  the 
mrtilsigiuous  dowiigi'owttis  of  the  greater  wiiig!i  of  the  sphenoid, 
lu  many  MommalH  they  remain  Heparate  from  the  latter  throughout 
life,  but  in  Man  they  unite  with  it  and  ai-e  now  dia-tinguislied  as 
inner  ptetygoid  plates  from  the  outer  plaleti,  which  aiiae  by  ossidca- 
tion  of  cartilage. 


I 


The  development  of  the  visceral  skeleton,  which  hoM  been  diescusiwd 
here  and  in  previous  ueotions  (pp.  284,  515),  furuishw  the  bosiii  for 
the  intei'pi'etatiou  of  the  malformations  which  are  <|uite  frojuently 
met  with  in  the  mu^dltary  and  palativl  region  in  Man.  1  refer  to  the 
labial,  mtuvillar)/,  and  palatal  Jissuret,  which  are  simply  malformations 
due  to  aii'est«d  development.  They  I'esult  when  the  separate  fundu- 
menta  fi-om  which  are  formed  the  upper  lip,  the  upper  jaw,  and  the 
palate  do  not  come  into  normal  union  (figs.  288-91). 

Tlio  malformations  of  arrested  development  can  present  very 
diiTerent  variations,  according  as  the  coalescence  in  wholly  or  only 
partly  omitted,  and  accoi'ding  to  whether  it  aifecte  one  or  both 
tddee  of  the  face, 

In  the  case  of  total  aiTest,  io  palalal,  maxillary,  and  labial  fim-arta 
o/boA  sklei,  both  uosul  cavities  are  broadly  in  communi caption  with 
the  oral  cavity  by  menus  of  a  right  and  a  left  fissure  running  from 
in  front  backward.  From  above  there  projecbi  free  into  the  oral 
cavity  the  nasal  septum,  which  is  enlarged  in  front,  and  here  bears 
the  incompletely  developed  intermaxillary  with  its  rudimentary 
incisor  teeth.  In  front  of  it  lieijuismall  dermal  ridge,  the  fundament 
of  the  middio  [uirt  of  the  upper  lip.  At  the  sides  of  the  fissures  and 
the  nasal  oi>eninga,  which  have  not  been  closed  in  below,  there  lie 
(he  two  seiMirated  maxillai-y  processes,  with  the  bony  upper  jaw  and 
the  fundaments  of  the  canine  and  molar  teeth.  The  horizontal 
palatal  plates  project  as  ridges  only  a  little  distance  into  the  oral 
cavity,  and  have  not  effected  a  junction  with  the  nasal  septum.  A 
malformation  of  this  kind  is  very  instructive  for  the  comprehension 
of  the  normal  pi-ocessee  of  development  previously  descril«d. 

When  the  ari'est  is  only  partial,  coalescence  may  fail  either  on  the 
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supenor  maxillary  processes  only,  or  on  the  palatal  plates  only,  and 
either  on  one  or  on  both  sides.  In  the  first  case  there  is  produced  a 
labio-maxillari/  Jtss^irCf  or  even  a  IcUncU  fissure  (hare-lip)  only,  while 
hard  and  soft  palates  are  formed  normally.  In  the  other  case  the 
upper  jaw  is  well  developed  and  no  external  evidence  of  malforma- 
tion is  visible,  while  there  is  a  fissure  on  one  or  both  sideB  which 
passes  through  the  soft  palate,  and  sometimes  through  the  hard 
palate  also  (cleft  pcUate), 


The  develojnneiU  of  the  lower  jaw  is  coupled  with  fundamental 
metamorphoses.  As  has  been  previously  explained,  in  the  youngest 
embryos  the  oral  cavity  is  limited  below  by  the  membranous  inferior 
maxillary  processes.  Within  this  there  i»  developed  (fig.  338) 
Meckel's  cartilage  (MK)^  the  cranial  end  of  which  becomes  (compare 
p.  611)  the  fundament  of  the  malleus  (Aa),  by  means  of  which 
Meckel's  cartilage  is  articulated  with  the  incus  (am).  At  its 
ventral  end  in  Mammals  it  unites  in  the  middle  line  with  the 
corresponding  part  of  the  other  side,  whereas  in  Man  a  small  space 
remains  between  them. 

Inasmuch  as  the  small  cartilages  mentioned  have  arisen  in  the 
first  visceral  arch,  they  correspond  both  in  position,  and  also  in  their 
mutual  connections  and  many  other  relations,  to  the  large  carti- 
laginous elements  with  which  we  have  ali-eady  become  familiar  in 
the  Sc'Lichians  (fig.  330)  as  palato-quadratum  (0)  and  mandibulare 
{U).  In  the  Selachians  the  palato-quadratnm  and  mandibulare  are 
functional  as  a  genuine  jaw-apparatus,  for  they  l^ear  on  their 
margins  the  teeth,  which  are  attached  in  the  mucous  membrane 
only,  and  the  masticatory  muscles  are  inserted  on  their  surface. 

In  Mammals  and  Man  the  function  of  the  skeletal  parts  corre- 
sponding to  them  has  become  essentially  different,  for  they  have 
enteivd  into  the  service  of  the  auditory  apparatus ;  a  profound,  and 
in  its  final  results  wondei-ful  and  highly  important  met:imorphosis 
has  taken  place  here.  In  order  to  explain  this  it  is  necessary  to 
touch  briefly  ujK)n  a  few  comparjvtive-anatomicjil  facts. 

With  the  l)eginning  of  ossifications  the  primary  lower  jaw  loses  in 
Teleosts,  Amphibia,  and  Reptiles  its  simple  condition,  and  is  con- 
vei'teil  into  an  apparatus  which  is  often  very  complicated.  The 
ossifications  are  here,  just  as  was  the  case  in  the  other  parts  of  the 
head-skeleton,  of  two  difierent  kinds,  primary  and  secondary.     One 
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bone,  which  makes  its  AppcRrnnce  in  the  articular  p&vt  of  the 
cartiUige  and  prwlurea  the  os  articulare,  ie  a  primary  bone.  With 
this  are  aasociAtod  seviTal  covering  bones  ari-ing  in  the  Hiii'i-oiiiiHing 
connective  tisitue,  two  of  which,  the  an^ilai-e  mid  the  ilt-ntiile, 
I  special  importance.  Both  are  attm-lied  to  tlie  outer 
surface  of  the  cartilaginous  [Meckeliiin]  rod,  the  anguhii-e  i 
joint,  the  Uentale  in  front  of  it  and  extemling  to  the  sympliysis. 


into  MKfliKL'ii  eutilnec,  MK :  mb.  bon;  ]c 
■rtinnlatliig  <rlUi  cba  laii|»nl  boos:  am 


I 


The  latter  in  an  important  akeletal  element,  which  attains  a  consider- 
able nize,  receives  into  its  upper  margin  the  teeth,  and  grows  around 
the  cartilage  of  Meckel  in  such  a  manner  that  the  cartilage  b  almost 
oompletely  enclosed  in  a  bonv  cylinder.  The  whole  complicated 
apparatus,  composed  of  several  bones  and  the  original  cartilag«> 
endoeed  within  them,  articiilutes  at  the  jiritivtr;/  jtiint  of  the  jaw 
between  palato-qiiadratiim  and  os  articulare. 

Tlie  same  fundaments  are  again  met  with  in  Mammals  and  Man. 

4Q 
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In  the  articular  part  of  the  cartilage  of  the  lower  jaw,  which  has 
assumed  the  form  of  the  malleus  (figs.  334,  338  ha),  there  arises  a 
special  centre  of  ossification,  which  cori-esponds  to  the  articulare  of 
other  yert<*l)rates.  In  its  \4cinity  apjK»ars,  jkk  a  covering  bone,  an 
exceedingly  small  angulare,  which  subsequently  fuses  with  it,  pro- 
ducing  the  long  process  of  the  malleus.  The  second  covering  bone, 
the  dentale  (fig.  338  uk),  attains,  on  the  contrary,  a  great  size  and 
alone  becomes  the  subsequently  functioning  lower  jaw,  whereas  the 
remaining  parts,  which  in  the  compound  mandibular  apparatus  of 
Teleosts,  Amphibia,  Reptiles,  and  Birds  participate  in  the  funotion 
of  chewing  (palato-quadratum, — or  quadratum, —  articulare,  angu- 
lare, and  Meckel's  cartilage),  lose  their  original  function  and  are 
employed  in  another  manner. 

The  most  important  motive  to  this  profound  metamorphosis  is 
to  be  found  in  the  fact  that  in  Mammals  and  Man  there  is  developed 
in  place  of  the  primary  articulation  of  the  jaw  a  secondary  one.  The 
primary  articulation,  upon  which  the  tooth-bearing  dentale  is  moved, 
lies,  as  we  liave  seen,  between  palato-quadratum  and  articulare. 
Inasmuch  as  these  elements  correspond  respectively  to  the  incus 
and  malleus  of  Mammals,  the  primary  articulation  of  the  jaw  of 
lower  Vertebrates  is  to  be  sought  in  tlie  incus-malleus  articulation  of 
tlie  higlier  Vertebrates,  In  Mammals  and  Man  the  dentale  is  no 
longer  moved  at  this  joint,  because  the  dentale  itself  forms  a  direct 
articulation  with  the  cranial  capsule  by  means  of  a  bony  projection, 
— the  processus  condyloideus  (fig.  338), — which  it  sends  upward,  and 
through  which  it  is  united  to  the  squamous  portion  of  the  temporal 
lx)ne  at  some  distance  in  front  of  the  primary  articulation.  This 
union  constitutes  tlie  secondary  articidatimi  of  Hie  jaw,  in  which  only 
cf)vering  bones  participate. 

The  natural  result  of  the  formation  of  a  new  articulation  is,  that 
the  primary  lower- jaw  apparatus  has  becomes  superfiuous  for  the 
act  of  mastication,  and  that  its  development  is  restricted.  Incus, 
malleus,  and  angulai-e,  which  is  united  with  the  malleus,  are  con- 
verted into  parts  of  the  auditory  organ  (see  p.  613).  The  remaining 
part  of  Meckel's  cartilage  {}IK)  begins  to  degenerate,  in  Man  in 
the  sixth  month.  A  portion  of  it,  which  is  a  prolongation  of  the 
long  pi-ocess  of  the  malleius,  extending  from  the  fissura  petrotym- 
panica  as  far  as  the  entrance  into  the  bony  lower  jaw  at  the 
foramen  alveolare,  is  converted  into  a  connective-tissue  cord,  the 
ligamentum  laterale  inti*mum  maxillae  inferioris.  A  small  portion 
near  the  front  end  early  acquires  a  sj^ecial  centre  of  ossification  and 
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I  fiisen  with  the  covering  bone.  The  remitinder  of  thtit  portion  of 
Meckel's  cai-tilagt.'  wlitcli  in  encloKsd  in  the  cniinl  of  the  tower  jaw, 
from  the  fonimeD  iklvdolare  uawiLri],  is  ifrndiiivlly  hruken  tloivn  itiiil 
(liasolvMl ;  liowever,  reinniint«  of  the  cnrtilagi-  are  tmind  even  in  the 
new-born  infant  tit  the  symphyHiB. 

At  first  the  bony  lower  jaw  )»  a  paired  Rtructiire,  consiating  of 
tooth-bearing  halves,  Thtiw  remain  in  many  Mamraala  as  st-pamte 
bone«,  being  united  in  a  BymphyKis  by  means  of  connective  tiiwue. 
In  Man  they  are  tinit«d  in  the  first  yetir  after  birth  into  a  single 

I   piece  by  tlie  osHification  of  tbe  intervening  tisKue. 

A  special  peculiarity  is  exhibited  by  the  articular  end  of  the  lowei" 

'  jaw,  phylogenetically  a  covering  bono.  Instead  of  beginning  to  be 
formed,  in  the  manner  of  the  anterior  poi-tion,  by  direct  ossification 

:  of  tbe  connoctive-tiBBiie  foundation,  there  firnt  arisen  here  a  cnrti- 
ItiginuuH  tiiwue  consiHting  of  large  veBJculnr  cells  and  waft  intercelluar 
HubKtance,  which  is  gradually  converted  into  Iwne,  This  pi'eaenta 
a  certftiti  siuiilanty  to  the  development  of  the  primonlial  bones. 
But  that  tbe  i-eaembhince  is  only  superficial  is  .shown  by  the  differ- 
ence in  the  Hti-uctm-e  of  the  articulation,  to  which  I  ahal!  I'otin'n  in 

I  %  subi4e(|nent  section. 

(c)  Coneeminy  the   Retalum  of  the  Head-Skeleton  to  Uie 
Trunk-Skeleton. 

In  different  sections  of  this  text-book — in  dLscuarang  the  primitive 
Begment.1,  the  nervous  system,  and  especially  now  in  the  iliw;usHion 
of  the  axial  skeleton — refei-cnce  has  lnen  made  to  many  points 
of  agreement  that  have  been  recognised  between  tin?  Htj'uctiiral 
I  canditions  of  the  head  and  those  of  the  ti'unk.  In  a  critical  com- 
I  pariaon  of  these  two  (■egiona  of  the  body  there  arise  many  imfwi-tant 
questions  which  have  for  several  dei^ades  engaged  the  attention  of 
the  beat  morpbologintH.  It  may  therefore  be  well  here,  after  having 
given  the  jtertinent  facta,  to  take  up  these  ([nestioua  moi-e  particntarly, 
and  dettrinine  the  relation  which  head  ivrul  trtiid;  and  tapeinaUy  thai 
whieh  hemlrskeleUm.  and  Irunk-akeleton,  mutain  to  efuh  other. 

Before  I  elucidate  the  present  state  of  tbe  question,  I  will  give  a 
brief  survey  of  the  histoi-y  of  these  reseai-chets  which  have  been 
grouped  together  under  tbe  name 

"  The  Vertebral  Theory  of  the  ShiU." 

The  relation  which  the  anterior  aiidpoulerior  pailn  of  tbe  skeleton 
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of  the  trunk  sustain  to  each  other  in  the  morphology  of  Vertebrates 
was  for  the  first  time  subjected  to  a  thorough  scientific  discussion 
at  tlie  beginning  of  the  present  century,  when  the  school  of  the 
"  Natural  Philosophei-s  "  began  its  career.  An  attempt  to  solve  the 
problem  was  made  in  very  similar  ways  by  two  persons,  by  the 
natural  philosopher  Okkn  and  by  the  i>oet  Goethe,  without  either 
of  them  having  been  influenced  by  the  other. 

According  to  the  Oken-Goethe  vertebral  theory^  the  skull  is  the 
most  anterior  part  of  the  vertebral  column,  and  is  composed  of  a 
small  number  of  modified  vertebrse.  Ok  en  distinguished  three 
vertebrae  in  his  "  Programme  "  entitled  "  Ueber  die  Bedeutung  der 
Schadelknochen,"  which  appeared  in  1807,  when  he  entered  upon  a 
professorship  conferred  upon  him  in  Jena.  He  named  them  the 
oar-,  eye-,  and  jaw-vertebne. 

Each  head'Vertehray  like  a  trunk-vertebra,  consisted  in  his  opinion 
of  several  parts — a  body,  two  arch-pieces,  and  a  dorsal  spine.  Oken, 
Goethe,  and  their  numerous  followers  believed  that  this  composition 
was  mast  distinctly  recognisable  in  the  last  cranial  vertebra,  the 
occipitalef  the  base  of  which  was  compared  to  the  body  of  the 
vei-tebra,  the  condyloid  parts  to  the  lateral  arches,  and  the  squama 
to  the  spine  of  the  vertebra. 

A  second  cranial  vertebra  was  discerned  in  the  body  of  the  pos- 
terior splieTwidiiley  which  together  with  its  greater  wings  and  the 
two  parietal  bones  formed  a  second  bony  ring  around  the  bi'ain. 

A  third  vertebra  was  constructed  out  of  the  body  of  th^  sphenoidale 
antemfcSy  the  lesser  wings  and  the  frontale. 

The  ethmoidcde  was  cited  by  many  investigators  as  a  fourth — the 
most  anterior — cranial  vertebra.  A  numl>er  of  bones,  which  would 
not  fit  into  this  scheme,  were  considered  to  be  structures  sui  generis, 
and  were  in  part  associated  with  the  sensory  organs  as  sensory  bones, 
in  part  compared  with  the  ribs  of  the  thorax. 

In  this  form,  which  underwent  numerous  modifications  in  details, 
the  Oken-Goethe  vertebral  theory  of  the  cranium  dominated  mor- 
phology for  decades  and  formed  the  foundation  of  many  investiga- 
tions. It  luid  a  stinudating  and  fruitful  effect  until,  uoith  a  deeper 
insight  into  the  structure  of  Vertebrates,  it  was  abandoned  as  defective 
and  erroneous,  giving  way  before  the  force  of  numerous  newly  dis- 
covered facts. 

For  neither  the  comparative  osteology  of  the  skull  nor  growing 
embryological  research  could  point  out  in  a  satisfactory  way  which 
bones  were  really  to  be  interpreted  as  parts  of  vertebrae.     The  most 
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difitiiiuilar,  and  more  or  lens  arbitrary,  opinions  upoii  this  KUbjtx't  made 
their  appeuranoe.  An  agreement  even  &»  to  the  number  of  vei-tebifu 
contained  in  the  skeleton  of  the  head  could  not  lie  reached.  Some 
investigators  assumed  sis,  others  five  or  four,  or  even  three  only. 

HuxusY,  in  his  "Eleuients  of  Coinpiirivtive  Anatomy,"  by  a  critique 
Nksed  upon  facts,  wits  the  tirst  to  prepare  the  way  for  a  termimi- 
tiou  of  this  unpleasant  state  of  affairs,  in  which  the  vertebra) 
theory  was  held  to  with  tenacity,  notwithstanding  the  contradictionn 
that  evprywhera  aixMe.  In  his  discussion  he  argued  from  a  »eriM  of 
/ads  which  embryoloifiad  invetlitjalum  had  broui/hl  to  lighl.  As  such 
the  following,  impoi'tant  for  the  problem  of  the  skull,  should  be 
dted  before  all  others. 

First,  the  di»co\-ery  that  the  skeleton  of  the  head,  like  the  verte- 
bral column,  is  developed  out  of  a  (cartilaginous  condition,  and  that 
the  brain  is  Civnt  cncloiied  by  a  primordijkl  cartilaginous  cranium 
(Baeb,  Duass,  Jacobson). 

Secondly,  the  doctrine  established  mainly  by  Kolukeb,  that  the 
bones  of  the  heiLd-skeleton  are  separable  into  two  groups  according 
to  their  development— into  the  primordial  Ijones,  which  arise  in  the 
primordial  cranium  itself,  and  the  secondary  or  covering  bones, 
which  have  their  origin  in  the  enveloping  connective  tissue. 

Thirdly,  the  insight  which  was  acquired,  through  the  importiinl 
works  of  RATUKE'iind  Reicuebt,  into  the  metamorphones  of  the 
visceral  skeleton,  and  thereby  into  the  development  of  the  palato- 
majdllary  apparatus  and  the  auditory  ossicles. 

Through  an  examination  of  these  various  facts,  Hi;xLEV  was  led  to 
the  important  and  fully  justified  conclusion,  that  lutl  a  sinffk  eraniai 
bone  can  be  meognited  as  a  iiiodijication  of  a  vertebra,  Umt  the  tkvU 
it  no  ittore  a  modified  verlebral  cattimn  than  tlie  vertebral  eoluvm  is  a 
modified  shitl ;  that,  ral/ier,  boUi  are  essentiaUt/  dittinet  and  different 
modijieationa  of  one  and  Uie  same  structure. 

While  Huxley  stopped  at  the  negative  standpoint,  simply  denying 
the  vertebral  theory,  Qeoenbaur  has  made  the  question  of  the 
relation  of  skull  and  vertebral  column,  raised  by  Goethe  and  Oken, 
but  from  ignorance  of  the  facts  incorrectly  answered  by  them,  again 
the  object  of  profound  compai'ative  study.  Kightly  recognising 
that  the  problem  can  he  solved  only  by  detailed  inwstigation  of 
the  jirimordial  skeleton,  he  selects  as  the  object  for  his  studies  the 
cartilaginous  skull  of  the  Selachians,  and  endeavors  in  bis  revolu- 
tionising work,  "  Das  Kopfskelet  iler  Selaciiier  als  Urundlage  zur 
Beurtheiluiig   dor   Genest;   des    Kopfskelets  der    Wii'beithieiT,"   to 
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produce  the  evidence  that  £/<«  primordial  craniwm  has  arisen  by  fusion 
from,  a  number  of  segm>ents  equivalent  to  vertebrae.  Instead  of  the 
Oken-Goethe  vertebral  theory  he  propounds  the  segmental  theory  oj 
the  skuUj  as  I  suggest  the  doctrine  of  Geoenbaur  be  called. 

Gegenbaur  proceed>^  from  the  correct  conception  that  the  segmen- 
tation of  a  region  of  the  body  is  recognisable  not  only  in  the  meta- 
merism of  the  vertebral  column,  but  also  in  many  other  structures — 
in  the  method  of  the  arrangement  of  the  chief  nerve-trunks,  and  in 
the  ventral  arch -structures  attached  to  the  axial  skeleton.  He 
investigates,  accordingly,  the  cranial  nerves  of  the  Selachians,  and 
ariives  at  the  conclusion  that,  with  the  exception  of  the  olfactory 
and  optic  nerves,  which  are  metamorphosed  parts  of  the  brain  itself, 
they  deport  themselves  like  spinal  nerves  both  in  their  origin  and 
their  peripheral  distribution.  He  determines  that  there  are  nine 
pairs  of  them  ;  and  therefore  concludes  that  the  portion  of  the  head- 
skeleton  which  is  traversed  by  the  nine  segmentally  arranged  cranial 
nerves  must  be  equivalent  to  nine  vertebral  segments,  and  that  it 
must  have  arisen  by  their  very  early  fusion. 

The  visceral  skeleton  of  Selachians  is  regardtd  by  Gegenbaur 
from  the  same  instructive  point  of  view.  He  discerns  in  the 
maxillary,  hyoid,  and  branchial  arches  skeletal  elements  which  are 
represented  in  the  vertebral  column  by  the  ril>s. 

Inasmuch  jus  a  vertebral  segment  belongs  to  each  jmir  of  ribs,  a 
similar  relation  is  also  Jissumed  as  the  onginal  arrangement  for  the 
visceral  arches.  Thus  this  method  of  considering  tlie  question  leads 
to  the  same  result :  that  the  primordial  cranium — since  at  least  nine 
visceral  arches  belong  to  it  as  ventral  arch -structures — has  been 
produced  from  at  least  nine  segments. 

Such  an  origin  Gegenbaur  accepts  for  the  posterior  chorda- 
trav€»rsed  region  of  the  skull  only,  in  which  alone  the  emerging 
nerves  agree  with  spinal  nerves.  He  therefore  distinguish(»s  this  as 
vertebral  from  the  anterior  or  iwn-vertebi'al  2H)rtio7i,  which  does  not 
allow  th(^  recognition  of  any  segmentation,  and  which  begins  in  front 
of  the  anterior  end  of  the  chorda.  He  interprets  the  latter  Jis  a  new 
formation  which  has  })een  establislied  by  the  enlargement  in  front  of 
the  V(  rtirbral  part  of  the  skull. 

Gecienbaitr   explains   th(^    gi-eat   difTerences  which  exist  Ixjtwetn 

skull  and  vertel)ral  column  as  adaptations,  partly  to  the  enormous 

development  of  the  brain,  partly  to  the  sensory  organs  of  the  head, 

which  ai-e  received  into  pits  and  cavities  of  the  primordial  cranium. 

Since  the  time  when  Gegenbaur  with  keen  discrimination  pro- 
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pounded  his  Hegmeqtivi  theory  of  tha  iskiiU,  the  way  has  been 
prepared  in  many  direotions,  chiefly  through  embryolngical  investi- 
gation, for  a  better  I'omprehension  of  the  skeleton  of  the  head. 

Inveiitigationu  which  I  undct-took  on  the  dermal  skeleton  of 
Selachians,  Ganoids,  and  Teleosts,  as  well  as  ou  the  head-akeleton  of 
Amphibia,  showed  that  the  difference  between  primordial  and  cover- 
ing boneb  is  much  greater  than  it  was  oi'iginally  assumed  to  be. 
For  as  their  developmeut  shows,  Ae  covering  bona  ai-e  at  jir»l 
»t7-%ieture8  quits  foreign  to  the  axiai  ojid  hmd-gkeletun,  fwrnt'l  at  the 
ur/aee  of  tlie  body  in  t/ie  skin  and  mtuious  inenhrane.  They  are 
parts  of  a.  dermal  skeleton,  which  in  lower  Vcrti'bratew  protect  the 
Hurface  of  the  body  as  a  scaly  armor,— parts  which  have  entered 
into  union  with  the  superficially  located  portions  of  the  iuner, 
pi-imordial  cartilaginous  skeleton.  Therefore  the  covering  bones  of  t  lie 
lower  Vertebrates  are  often  tooth-bearing  bony  plates,  which  ha4e 
originated  fi-om  a.  fusion  of  isolated  dental  fundaments,  a,  condition 
which  may  be  regai-ded  for  many  reasons  as  the  primitive  one. 

A  further  acc]uisitiou  of  broad  signiticance  \r  tho  discovery  of  the 
primitive  segments  of  tli-e  fttad,  which  we  owe  to  Balfoub,  Milnes 
Marbuall,  Ooette,  Wuhe,  and  Frobiep. 

By  it  an  important  point  of  tigi-eement  between  head  and  trunk 
ban  been  made  out.  The  two  body-sacs  penetrate  even  into  the 
head;  here  also  the  two  middle  germ-luyera  are  separated  iot«  a 
dorsal  portion,  lying  in  contact  with  the  choi-da  and  neural  tube, 
which  is  divided  into  nine  pairs  of  primitive  segment^,*  and  into  a 
rentml  portion  (see  p.  351). 

The  head  is  therefore  segmented  similarly  to  the  trunk,  even  at  a 
time  when  the  Urat  traces  of  the  fundament  of  a  vertebnil  column  or 
a  head-skeleton  are  not  yet  present. 

Thii'dly,  ttie   insight  into  the  d^oeUtjimsrU  of  Ike  cranial  nerves 
(Balpdub,  Marshall,  Wuuk,  and  others)  is  important.     An  agree- 
ment with  the  development  of  the  spinal  nerves  has  been  established 
'  fn  so  far  as  some  cranial  nerves  have  a  dorsal  origin  from  a  neural 
e  the  sensory  roots  of  spinal  nerves,  while  others  grow  out 
ventrally  from  the  bi'ain -vesicles  like  anterior  roots. 

Finally,  I  would  mention  as  a  step  iu  advance,  which  is  not  with- 
out xigniliciLnce   for   the    interpretation  of   the   head -skeleton,   the 
i altered  conception  of  the   meaninj/  of  tite  primitive  segments  uihieh 
imbryolofficttl  eeidenee  has  compelled  us  to  form. 
The  primitive  aegments  are  the  real  fundaments  gf  the  musculature 
•  [See  EoolDote  p.  158.] 


I 
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of  the  body.  The  iii-st  segmentation  of  the  vertebrate  body  affects 
the  body-uacs  and  the  musculature  arising  from  them.  The  forma- 
tion of  the  primitive  segments  is  only  remotely  and  indirectly 
connected  with  the  development  and  segmentation  of  the  vertebral 
column.  It  is  only  after  muscle-segments  have  existed  for  a  long 
time  that,  at  a  comparatively  late  stage  of  development,  the  funda- 
ments of  a  segmented  vertebral  column  are  established.  But  these 
arLse,  by  histological  metamorphosis,  from  an  unsegmented  con- 
nective-tissue matrix,  in  consequence  of  the  appearance  of  a  process 
of  chondrification. 

All  the  conditions  hei-e  only  briefly  touched  upon  are  of  far- 
reaching  significance  for  the  question  of  the  relation  of  the  head-  and 
trunk-skeletons  to  each  other.  For,  as  Gecenbaur  rightly  points 
out,  since  the  establishment  of  his  segmental  theory  "  the  vertebral 
theory  of  the  skull  has  l>ecome  more  and  more  a  problem  of  the 
phylogenesis  of  the  whole  head." 

I  desire  to  give  briefly  and  connectedly  my  own  views  upon  this 
subject  :— 

Theory  concerning  the  Relation  of  th^  Head  and  iU  Skeleton 

to  the  Skeleton  of  the  Trunk, 

The  segmentation  of  the  vertebrate  body  begins  with  the  walls  of 
the  primary  body -sacs,  the  dorsal  poi'tion  of  which,  abutting  upon 
the  chorda  and  neural  tube,  is  divided  by  the  formation  of  folds  into 
successive  compartments,  the  primitive  segments. 

Inasmuch  as  the  voluntary  musculature  is  developed  from  the 
walls  of  the  primitive  segments,  it  is  the  fii-st  system  of  organs  in 
Vertebrates  to  be  segmented. 

Tlie  uiyouieric  condition — "  myomerism  " — is  the  direct  caiu^e  of  a 
segmental  arrangement  of  the  peripheral  nerve-tracts,  for  the  motor 
nerves  pertaining  to  a  segment  unite  to  form  an  anterior  [ventral] 
root  as  they  emerge  from  the  spinal  cord,  and  in  the  same  manner 
the  sensory  nerves  which  come  from  a  corresponding  part  of  the  skin 
together  constitute  a  si'iisory  root. 

At  a  time  when  the  segmentation  of  the  musculature  and  of  the 
peripheral  nerve-tracts  hsis  already  been  effected,  the  skeleton  is 
still  unsegmented ;  for  it  Ls  represented  by  the  chorda  dorsalis  alone. 
The  soft  niesencliym(^,  wliich  envelops  the  cliorda  and  the  neural 
tube,  and  which  becomes  the  matrix  t)f  the  subsequently  formed 
segmented  axial  skeleton,  is  still  a  continuous  mass  of  cells,  filling  in 
the  spaces  between  these  organs. 
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At  this  time  the  differentiation  of  head  imd  trunk  has  already 
taken  plate.  This  in  accomplished,  first  by  the  establiBliment  of  the 
bighei'  sensory  organs  in  the  anteiior  portion  of  the  body,  secondly 
by  the  enlargement  of  the  neural  tube  into  the  voluminouo  brain- 
vesicles,  thirdly  by  the  formation  of  a  regulai-  series  of  visceral  cieftH 
in  the  walls  of  the  head-gut,  which  thus  also  undergo  a  kind  of 
segmentation  ( brant hiomerism). 

The  reijian  of  the  bodij  whicli  is  (Ai*»  tiutamorplwted  into  a  head  m 
from  the  beginnUig  neijmenled,  awl  is  oompoaed,  as  the  Seiaehiania  shorn, 
<ifat  least  nine  primitive  segmenia. 

The  devetoj»iie»i  of  visceral  eUfts  produces  still  further  differences 
between  head  and  li^nik.  By  the  appearance  of  visceral  clefte,  the 
front  part  of  the  body-cavity  is  divided  up  into  several  snccessive  head- 
eavities.  By  the  disappearance  of  these  cavities,  parts  coi-responding 
to  the  thoracic  and  abdominal  cavities  have  become  obliterated. 
B\irther,  there  are  developed  out  of  the  cells  composing  the  walls  of 
the  head -cavities  important  masses  of  transversely  striped  muaclefi  for 
moving  and  constricting  the  sepjirate  portions  of  the  branchial  region 
of  the  alimentary  canal,  whei-eas  in  the  trunk  the  voluntary 
musculature  arises  exclusively  from  the  primitive  segments.  In 
the  trunk  these  massett  of  muscle  spread  out  both  dorsally  over  the 
neural  tutie  and  also  ventrally  into  the  wall  of  the  thorax  and 
abdomen,  whereas  in  the  head  they  remain  limited  to  a  small  space 
and  do  not  tinitergo  any  exten.sive  development. 

It  is  vnly  after  head  and  trunk  /utve  thus  already  heeoim  in  a  hit/h 

dsffree  d^ermtt  thai  the  oartilaffinous  vueial  skeleton  bei/ine  to  be  formed. 

The  latter  is  therefore  a  structure  of  comparatively  recent  origin, 

aa  it  also  is  peculiar  to  the  phylum,  Vertebrata,  and  even  hero  is 

wanting  in  the  lowest  representative,  Amjihioxus  lanceolatus. 

The  development  of  the  cartilaginous  axial  skeleton  iu  the  two 
chief  regions  of  the  body  is  from  the  beginning  partly  similar,  partly 
dissimilar. 

Tlie  development  is  similar  in  so  tar  as  the  process  of  chondritica- 
tion  begins  in  both  bead  and  trunk  in  the  perichordal  connective 
tissue,  then  extends  around  the  chorda  both  above  and  helow, 
ensheatliing  it,  and  finally  is  continued  into  the  connective-tissue 
layer  that  envelops  the  neural  tube. 

The  diaeimHarity  is  expresseil  in  Uie  oeeurrence  or  omission  of 
segmentalion.  In  the  trunk  under  the  iniliience  of  the  musculature 
there  aiises  a  segmentation  of  the  cartilaginous  axial  skeleton  into 
firm  vertebral  pieces,  alteniatingwith  intervertebi'al  liganientw  which 
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remain  in  the  connective-tissue  state.  In  the  head  there  is  developed 
at  once  a  continuous  cartilaginous  capsule  around  the  brain- vesicles. 
The  segmentalionf  whicfi  in  this  region  is  expressed  in  oUier  si/stems  of 
organSf — in  the  formation  of  primitive  segments  and  in  the  arrangement 
of  the  cranial  7ierves, — does  not  occur  in  the  corresponding  part  of  the 
axial  skeleton.  Never  in  the  course  of  the  development  of  any 
Vertebrate  has  there  been  observed,  as  the  first  fundament  of  the 
primordial  cranium,  a  succession  of  cartilaginous  pieces,  alternating 
with  connective- tissue  discs,  and  there  seems  to  be  no  ground  for 
assuming  that  a  condition  of  this  kind  existed  in  earlier  times.  In 
the  slight  development  of  the  muscles  derived  from  the  primitive 
segments  of  the  head,  and  in  the  voluminous  condition  attained  by 
the  brain  and  sensory  organs,  are  to  be  discerned,  on  the  contrary, 
factors  which  have  converted  the  head,  at  an  early  period,  into  a 
more  rigid  portion  than  the  trunk.  The  cause,  which  in  the  trunk 
has  made  the  segmentation  of  the  axial  skeleton  necessary,  has  been 
wanting  in  the  head. 

During  the  last  few  years  the  opinion  has  been  expressed  by 
a  number  of  persons  (Rosenberg,  Stoiir,  Froriep)  that  in  some 
classes  of  Vertebrates  the  occipital  region  of  the  primordial  cranium 
is  increased  by  fusion  with  vertebral  fundaments  of  the  neck-region, 
and  thus,  as  it  wei*e,  "  is  constiintly  advancing  caudad."  I  leave 
undetermined  to  what  extent  this  is  true.  Gegenbaur  combat-s  the 
interpretation  of  Stoiir,  but  describes  a  quite  frequently  occurring 
fusion  of  the  cranial  ciijisule  with  vertebi'ie  in  Bony  Fishes.  One 
thing  only  would  I  point  out :  the  conception  of  the  first  unsegmented 
fundament  of  the  primordial  crainium  which  I  have  presented  is 
not  irreconcilable  with  the  view  that  subsequently  new  vertebral 
segments  may  be  added  behind. 

Besides  the  seytnented  condition  of  tJie  vertebroiy  a  segmetUation  of 
the  axial  skeleton  is  also  expressed  in  the  appearance  of  ventral  arches, 
which  are  repeated  in  regular  order  from  before  backwards.  On 
the  hejid  tliey  are  designate<l  as  visceral  arclies,  on  the  trunk  as  ribs. 

The  j)osiii()n  of  these  skeletal  parts  also  is  dei)endent  upon  the 
first  segmentation  which  affects  the  oi'ganLSiiiion  of  Vertebi-ates. 
For  the  ribs  are  developed  between  the  muscle -segments  by  a  pixxsess 
of  chond  rill  cation  in  the  connective-tLssuo  plates  separating  them — 
the  intermuscular  ligaments  ;  while  tlie  visceral  arches  are  dependent 
upon  the  visceral  clefts,  by  which  the  ventral  part  of  the  head-region 
is  divided  into  a  number  of  successive  segments. 

It  cannot  be  concluded  from  the  existence  of  ribs  and  visceral 
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ari'bee  that  the  cori'espDnding  skeletal  axis  must  likewUe  have  been 
segmented.  They  are  only  an  indication  of  the  segmentHtion  of  the 
region  of  the  body  to  which  they  belong. 

That  the  Hegraentation  of  the  head  which  in  present  in  the  embi-yo 
its  more  or  less  obliterated  in  the  adult  Vert«bi-ate  depends  upon 
two  akusea.  First  the  primitive  segment*)  are  only  slightly  dovoloped, 
furnishing  unimportant  muscles,  aud  in  part  wholly  degenei-ate; 
secondly  the  vi^ieerol  nkeleton  is  subjected  to  profoimd  metamorphosw. 
Especially  in  the  higher  Vei'tebrates  it  experiences  such  a  degenera- 
tion and  metamorphosis,  that  Tinally  nothing  of  the  original  tiegmentnl 
arrangement  of  itu  purtci  (palato-maxillary  apparatus,  auditory 
ossicles,  hyoid  bono)  is  left. 


/i.   The   Development  «f  ttie  fikelelon  of  ihe   K^clretidlitn. 

A  ileecriptioo  of  the  skeleton  of  the  c\ti-emiliBB  should  be  pi'ocedBil 
by   IV    few    words  ■    •    ; 

in  regaitl  to  the 
fundaments  of  the 
limbs  themselven. 
These  at  firat 
appear  as  small 
Blevations  [llmh- 
budu]  at  the  sides 
of  the  Irituk  in 
front  and  behind 
(fig.  339).  Thi.t, 
they  belong  mon: 
tuthe  ventral  than 
to  the  dorsal  sur- 
face of  the  body  is 
evident  from  the 
fact  that  they  ai-e 
innervated  by  the 
ventral  brunches 
of   the    spinal 

Moreover,      Uie 
mnbg     appear     bi 
hdmtg  to  it  larife  itutuber  oj  tnntk-aegiM7ti».    ThU  is  to  be  inferred  both 
from  Oie  iiteUwi  uj'  tlie  dUlritnUioii  of  tierees  atid  also  frmn  tlie  aource 


636  EMBRTOLOOT. 

of  their  musculature.  For  the  anterior  and  posterior  limbs  always 
receive  their  nerves  from  a  large  number  of  spinal  nerves.  The 
muscles  are  derived  from  the  same  source  as  the  whole  musculature 
of  the  trunk — from  the  primitive  segments. 

It  has  not  yet  been  possible  to  establish  the  derivation  of  the 
musculature  in  Mammals  and  Man.  For  the  limb-buds  consist  of  a 
mass  of  small,  closely  crowded  cells ;  it  is  impossible  to  state  which 
of  these  belong  to  the  mesenchyme,  which  to  the  musculature,  or 
which  to  the  nerves.  The  conditions  in  lower  Vertebrates,  on  the 
contraiy,  are  much  moi*e  favorable. 

In  Selachians  the  fins,  which  coiTespond  to  the  limbs  of  the  higher 
Vertebrates,  contain,  even  at  the  time  of  their  formation  as  small 
plates,  distinctly  recognisable  embryonic  gelatinous  tissue,  which  is 
covered  in  by  the  epidermis.  An  important  discovery  by  Dohrn  has 
established  that  there  grow  into  the  gelatinous  tissue  of  the  fin  two 
buds  from  each  of  a  large  number  of  primitive  segments ;  the  buds 
then  become  detached  from  their  parent  tissue  and  each  is  divided  into 
a  dorsal  and  a  ventral  half — the  fundaments  of  extensor  and  flexor 
musculature.  EaxJifin  t/ierefore  contains  a  series  of  muscular  fuwia- 
mentSy  whicit  have  arisen  seymentaMi/  and  are  arranged  one  behind 
anotheTf — a  fact  which  has  its  weight  in  many  other  questions 
touching  the  origin  of   the  limbs. 

In  Man  the  fundaments  of  the  limbs  take  on  a  definite  form  as 
early  as  the  fifth  week.  The  outgrowths  have  become  enlarged  and 
divided  into  two  regions,  of  which  the  distal  becomes  the  hand,  or 
foot.  In  the  case  of  the  anterior  extremity  the  front  margin  of  the 
hand  ah*eady  begins  to  acquire  indentations,  by  which  the  first 
fundauu'nts  of  the  fingei-s  are  indicated.  In  the  sixth  week  the 
three  chief  divisions  of  the  limbs  are  recognisable,  for  the  proximal 
|)orti()n  is  now  markcnl  off  by  a  transverse  furrow  either  into  arm 
and  foro-arni  or  into  thigh  and  leg.  Now,  too,  on  the  foot  the  toes 
are  indicaUwl  by  constrictions,  but  less  distinctly  than  are  the  fingers 
on  tlio  hand. 

In  the  sovimth  week  then*  are  to  be  observed  at  the  tips  of  the 
fingei-s  claw-like  appendages,  consisting  of  epidermal  cells — the 
primitive  nails.  As  IIensen  remarks,  "  The  similarity  of  the  hand 
at  this  stage  to  the  anterior  extremity  of  a  Carnivore  viewed  from 
tho  sole  is  striking  ;  in  addition  to  the  toe-like  brevity  and  thickness 
of  the  fingers,  tho  pads  are  well  developeil." 

With  their  enlargement  the  limbs  apply  themselves  to  the  ventral 
surface  of  the  embryo,  being  dii'ected  obliquely  fi-om  in  fi-ont  back- 
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wiinl  [cmd  ventral],  tlie  anterior  limbs  more  obliquely  tliftn  the 
posterior.  In  both  of  them  tlie  fHtin-p  extensor  side  lies  donuil, 
the  Hesor  side  veDtml,  Both  the  i-ailiAl  unci  tibinl  mnrgius  with  the 
thiiMib  (vQil  great  toe  are  ilirect«il  ccphulad,  the  fifth  titiger  and  the 
fifth  toe  cuudad. 

By  this  ami  by  the  fact  thut  the  limbu  belong  to  several  Inink- 
segmentA  are  explained  oertaiu  conditions  in  the  liUtribulion  of  l/ur 
nerves  of  the  upper  extremity.  In  the  case  of  the  arm  "the  radial 
side  IK  supplied  with  nervee  (axillariB,  mnsculo-cutaneTis),  whow  fibres 
are  referable  to  the  fifth,  sixth,  and  seventh  cervical  nerves.  Upon 
the  ulnar  side,  on  the  contrary,  are  found  nerves  (n.  ciitaneus  medialja, 
n.  mediiia,  and  n.  ulnaris)  whose  origin  from  the  lower  secondary 
trunk  of  the  [>kxus  discloses  their  derivation  from  the  eighth  cervical 
and  first  doi'sal  nerves"  (ftanwALBB). 

In  the  further  course  of  development  both  limbs  alter  their  oi-iginal 
position, — the  anterior  to  a  greater  extent  than  the  posteiior, — in- 
Asinuch  as  they  undergo  a  torsion  around  their  long  nxce  in  opposite 
directions.  Tn  this  way  the  extensor  side  of  the  upper  arm  becomes 
directed  backward  [caudad],  that  of  the  thigh  forward  ;  radius  and 
thumb  are  now  directed  latcrad,  tibia  and  great  toe  mediad.  These 
alterations  in  pocution  due  to  torsion  are  naturally  to  be  taken  into 
account  in  determining  the  homologies  of  the  anterior  and  posterior 
extremities,  so  that  rnditis  corresponds  to  tibia  and  ulniv  to  fibula. 

In  the  originally  homogeneous  cell-mass  the  fundaments  of  the 
skeleton  and  musculature  are  gradually  dille rent ia ted  from  encb 
other,  owing  to  the  fact  thut  the  cells  acquire  a  more  definite 
histological  character.  In  this  connection  the  following  phenomenon 
is  to  be  observed  : — 

The  parts  of  the  skeleton  of  the  extremity  are  not  all  established 
at  the  same  time,  but  follow  a  definite  sequence,  in  somewhat  the 
same  manner  a.*!,  in  the  development  of  the  axial  skeleton,  the  process 
of  segmentation  begins  iu  front  and  pi-ogresses  backward.  So  in 
the  limbs  the  proximal  akelotnl  elements  (i.e.,  those  which  are  situated 
nearer  to  the  trunk)  are  formed  sooner  than  the  distal  ones. 

This  is  the  most  strikingly  apparent  in  the  case  of  the  fingers  and 
toes.  Wherea*  the  first  phalanx  has  been  differentiated  from  the 
BHrroundiiig  tissue  in  embryos  of  the  fifth  and  sixth  week,  the 
second  and  third  are  not  at  that  time  distinguishable ;  the  ends  of 
the  fundaments  of  fingers  and  toes  still  consist  of  a  mass  of  small 
cells  ill  process  of  growth.  In  this  mass  the  second  phalanx  is  then 
difierontiated,  and  at  lost  the  third. 
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Furthermore  the  formation  of  tlie  anterior  limbs  outstrips  some- 
what that  of  the  posterior. 

In  the  deiyelftptnetU  of  the  skdetan  of  the  extremities  there  are  to  be 
recognised^  ns  in  the  vertebral  column  and  t/te  skulls  three  tlifferent 
stages, — the  stage  of  t/ie  metnbranous,  that  of  the  cartilaginous,  and  thai 
of  the  osseous  fundament. 

After  these  general  remarks  I  tiu'n  to  the  detailed  deacription  of 
(1)  the  pectoral  and  pelvic  girdles,  (2)  the  skeleton  of  the  appendage, 
which  projects  free  from  the  surface  of  the  trunk,  and  (3)  the 
formation  of  joints. 

(a)  Pectoral  and  Pelvic  Girdles, 

The  fundaments  of  the  girdles  of  the  limbs  consist  each  of  a  pair 
of  cui'ved  pieces  of  cartilage,  which  are  imbedded  under  the  skin  in 
the  muscles  of  the  trunk,  and  wliich  bear  near  the  middle  an  articular 
surface  for  the  reception  of  the  skeleton  of  the  free  extremity.  By 
this  each  cartilage  is  divided  into  a  dorsal  half,  near  the  vertebral 
column,  and  a  ventral  half.  The  former  is  converted  in  Mammals 
and  Man  into  a  broad  shovel-shaped  piece ;  the  ventral  half,  which 
reaches  to,  or  nearly  to,  the  median  plane,  is,  on  the  contrary, 
divided  into  two  diverging  processes,  an  anterior  and  a  posterior. 
The  cartilaginous  pieces  thus  distinguishable  ossify  from  special 
centres,  and  thereby  acquire  a  higher  degree  of  independence. 

The  shmilder-hlade  (scapula)  of  Man  is  at  first  a  cartilage  of  a 
form  similar  to  that  of  the  adult,  except  that  the  basis  scapula;  Is 
leas  developed.  In  the  third  month  o&sification  begins  at  the  collum 
scapula*.  However,  the  margins,  the  spine,  and  the  acromion 
remain  for  a  long  time  cartilaginous,  and  indeed  are  in  part  so  even 
at  the  time  of  birth.  There  arise  in  them  here  and  there  accessory 
centres  during  childhood. 

From  the  articular  part  of  the  shoulder-blade  there  runs  ventrally 
a  cartilaginous  process,  which  is  short  in  Man,  but  in  other  Verte- 
brates is  of  considerable  size  and  reaches  down  to  the  sternum.  It 
corresjx)nds  to  the  }K)sterior  of  the  previously  mentioned  diverging 
processas  into  which  the  ventral  part  of  the  cartilaginous  arch  is 
divided,  and  is  known  in  comparative  anatomy  as  pars  coracoidea. 
In  Man  it  is  only  slightly  developed.  Its  groat  independence,  however, 
is  made  evident  by  its  acquiring  in  the  first  year  after  birth  a  sepa- 
rate centre  of  ossification.  From  this  there  gradually  arises  a  bony 
element  (os  coracoideum),  which  is  joined  to  the  shoulder-blade  until 
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tlie  Heventeeiitli  year  liy  a  Atrip  of  cartilage,  nnil  may  therefore  lie 
detache*!.  Afterwards  it  ia  united  with  tlio  acRpula  by  hooy  mibstjince 
and  cuiiHtitiitefl  the  ixiracoiti  jirocewi.  Htill  later  the  fusion  of  the 
aticpssory  centres  previoiwly  mentioned  takes  plat^,  to  which,  how- 
ever, no  ^^reat  mor})hological  iDiportance  attaches. 

There  ure  two  diiTerent  views  concerning  the  place  which  the 
davicle  takes  in  the  shoulder -girdle. 

According  to  Ooettb,  IIopfuann,  and  others,  it  lielonga  to  the 
primordial  skeletal  parts,  which  are  preformed  in  cartilage,  and 
corresponda  to  the  anterior  ventral  process,  which  was  present  in  the 
primitive  form  of  the  shoulder-girdle.  According  to  GeaEHBAUR  it 
is  a  covering  bone  which  has  entered  into  union  with  the  mrtilaginous 
skeleton  in  the  same  way  a.s  the  covering  hones  of  the  skull  have 
with  the  primordial  cranium. 

It  is  the  peculiar  method  of  the  development  of  the  clavicle  that 
has  caused  this  divergence  of  opinion.  This  is  the  first  bone  to  be 
formed  in  Man  ;  it  begins  to  be  OHHifial  as  early  as  the  seventh  week. 
The  earliest  bony  piece,  ns  Oeqbnbaue  was  the  first  to  ascertain,  is 
developed  out  of  wholly  indifferent  tissue.  Then  there  are  added  at 
both  ends  masses  of  cartilage,  which  are  softer  and  provided  with 
letM  intermediate  substance  than  the  ordinary  embryonic  cartilage. 
They  serve,  as  in  other  bones  tliat  are  pi'oformed  in  cartilage,  for  the 
elongation  of  the  cIiLvicle  at  both  ends.  There  is  also  developed  in 
the  sternal  end,  between  the  fifteenth  and  twentieth  years,  a  kind  of 
epiphysial  centre,  as  Kolukeh  states  ;  this  fuses  Hometimes  ns  late 
as  the  twenty-fifth  year  with  the  main  piece. 

The  original  conditions  are  the  most  faithfully  preserved  in  the 
peMc  girdie,  even  in  Man  and  Mammals.  The  first  fundament  of 
the  girdle  consists  of  a  right  and  a  left  pelvic  cartilage,  which  are 
united  ventrally  in  the  symphysis  by  means  of  connective  tissue,  and 
each  of  which  has  at  its  middle  an  articular  fossa.  Each  pelvic 
cartilage  is  composed  of  nn  expanded  part  extending  dorsally  from 
the  articidar  depression,— tho  iliac  cartilage,^ — ^which  ia  joined  to  the 
sacral  region  of  the  spinal  column,  and  two  ventral  cartilaginous 
rods, — pubis  and  ischium, — which,  meeting  in  the  symphyras,  enclose 
the  foramen  obtiiratorium. 

It  is  stated  by  Rosbmbero  that  the  pubic  cartilage  is  at  first 
formed  independently,  bnt  that  it  soon  fuses  with  the  other  cartilages 
at  the  acetabulum. 

Ossification  begiiLS  at  the  end  of  the  tliiril  month  in  three  places. 
and  thus  are  formed  a  bony  iliinn,  u»  pubit,  and  iiK/iiiim  at  the 
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expense  of  the  cartilage,  of  which,  however,  considerable  remnants 
are  still  present  at  the  time  of  birth.  For  the  whole  crest  of  the 
ilium,  the  rim  and  fundus  of  the  acetabulum,  and  the  whole  tract 
from  the  tuberosity  of  the  ischium  to  the  spine  of  the  pubis  is  still 
cartilaginous. 

After  birth  the  growth  of  the  three  bony  pieces  advances  toward 
the  acetabulum,  where  they  all  meet,  being  however  separated,  up  to 
the  time  of  puberty,  by  strips  of  cartilage,  which  together  form  a 
three-rayed  figure.  At  about  the  eighth  year  both  the  ascending 
and  descending  rami  of  pubis  and  ischium  fuse  with  each  other,  so 
that  at  this  time  each  hip-bone  consists  of  two  pieces  joined  by 
cartilage  at  the  acetabulum — the  ilium  and  an  ischio-pubic  bone. 
These  do  not  become  united  into  one  piece  until  the  time  of  puberty. 

As  in  the  pectoral  girdle,  so  also  in  the  pelvic  girdle,  there  occur 
accessory  centres  of  ossification  ;  of  these  one,  which  sometimes  arises 
in  the  cartilage  of  the  acetabulum,  is  the  most  important,  and  is 
described  as  os  acetabuli.  Others  arise  in  the  oiirtilaginous  crest  of 
the  ilium,  in  the  spines  and  tubercles,  and  in  the  tuberosity  of  the 
ischium.  They  are  not  united  with  the  chief  bones  until  the  end  of 
the  period  of  growth. 

{b)  Skeleton  of  the  Free  Extremity, 

All  skeletal  parts  of  the  hand,  fore-arm,  and  arm,  as  well  as  of  the 
foot,  leg,  and  thigh,  are  originally  solid  pieces  of  hyaline  cartilage, 
which  early  acquire  the  general  forms  of  the  bones  that  subsequently 
replace  them.  They  are  marked  off  from  their  surroundings  by  a 
special  fibrous  layer  of  connective  tissue,  the  perichondrium. 

From  the  beginning  of  the  third  month  the  process  of  ossification 
takes  place  in  the  larger  skeletal  piecas,  by  means  of  which  the 
cartilaginous  tissue  is  destroyed  and  replaced  by  osseous  tissue,  in  the 
same  manner  as  in  the  vertebral  column.  In  this  process  several 
general  phenomena  regularly  make  their  appearance ;  I  shall  go 
somewhat  into  the  details  of  thaso,  without  however  taking  into 
account  the  complicated  histological  changes,  information  concerning 
which  is  given  in  text-books  of  histology. 

The  pixxjess  of  ossification  takes  externally  a  somewhat  different 
turn  according  as  the  cartilages  are  small  and  uniformly  developed 
in  all  directions,  as  in  the  wrist  and  ankle,  or  have  become  more 
elongated. 

In  the  first  case  the  course  of  development  Ls  more  simple.     From 
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the  perichondrium  vascular,  richly  cellular  connective-tissue  processes 
grow  into  the  cartilage,  dissolve  its  matrix,  and  unite  with  one 
nnothei'  in  its  centre.  There  arusi's  a  network  of  medullai'y  [marrow] 
cavities,  in  the  vicinity  of  which  there  is  a  deposit  of  salts  of  lime  (a 
provisional  calcification).  The  medullary  spaces  extend  farther  and 
farther  by  destruction  of  the  cartiJaginous  substance.  Then  there 
are  secreted  by  the  superficially  located  medullary  cells  bone-lamellte, 
which  gradually  increase  in  thickness.  The  osseous  nucleus  thus 
foi-med  slowly  increases  in  size,  until  finally  the  cartilage  is  almost 
entirely  replaced,  only  a  thin  layer  of  it  i-emainiug  at  the  snrface  as 
a  covering  to  the  boue. 

The  ossification  of  the  wrist-  and  ankle-bones  is  therefore  purely 
mdoehondral,  and  proceeds  ordinarily  from  one,  sometimes  from  two, 
centres  of  ossification.  It  does  not  begin  until  very  late — in  the  first 
year  after  birth.  The  only  exception  occurs  in  the  foot,  where  the 
OS  calcis  and  astragalus  acquire  a  bony  nucleus  in  the  sixth  and 
seventh  months,  and  the  cuboid  begins  to  ossify  a  »hort  time  before 
birth.  In  the  others  oasifioation  takes  place  after  birth,  and,  as 
K^LLIKER  states,  in  the  following  order  : — 

I.  In  the  hand,  (\)  Os  magnum  and  unciform  (first  year); 
(2)  cuneiform  {third  year) ;  (3)  trapezium  and  lunar  (fifth  year) ; 
(4)  scaphoid  and  trapezoid  (sixth  to  eighth  year);  (5)  pisiform 
(twelfth  year). 

II.  Int/ie/oot.  (1)  Os scaphoideum  (first  year) ;  (2)  intcrnaland 
middle  cuneiform  (thu-d  year) ;  (3)  external  cuueiform  (fourth  year). 

Coooaroing  llio  cartilaginoue  fundaments  o£  n  Epecial  centraJo  carpi,  which 
QEoall^r  U  not  retoiaed  as  a  separate  carpal  element  (Hosenbero},  as  well  as 
a  special  intcriae'iiQm  taraj  or  trigunnm  (BASDBLBBEN),  the  te-'ct-booki!  ut 
oompaiativo  anatom;  are  I'   ~ 
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complicated  in  the  long  car- 
much  eai'lier,  usually  even  in 
The  course  of  ossification  is 


The  process  of  ossification  is  mor 
tilages,  in  which,  moreover,  it  begii 
the  third  month  of  embryonic  life. 
fairly  typical. 

At  first  a  perichondral  ossification  takes  place  midway  between 
the  ends  of  each  cartilage  in  the  humerus  and  femur,  tibia  and 
fibula,  radius  and  ulna.  From  the  pei-ichondriura  there  is  deposited 
upon  the  already  formed  cartilage  bony  tissue  instead  of  a  car- 
tilaginous matrix,  so  that  the  middle  portion  of  the  cartilage  becomes 
ensheathed  in  a  bony  cylinder,  which  is  continually  increoang  in 
thickness. 

41 
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The  further  growth  of  the  akdetal  element  thus  oompoeed  of  two 
tissues  proceeds  in  two  ways :  first  by  growth  of  the  cartilage,  and 
secondly  by  increase  of  bony  substance. 

The  cartilaginous  tissue  increases  at  both  ends  of  the  skeletal 
piece  and  contributes  to  the  increase  of  the  latter  both  in  length  and 
thickness.  In  the  middle,  on  the  contrary,  where  it  is  enveloped  in 
a  bony  cylinder,  it  ceases  to  grow.  Here  there  is  a  oontinnal  ad- 
dition of  new  bony  1%tn<J1«  upon  those  already  formed;  thej  %ie 
produced  by  the  original  perichondrium,  or,  as  one  may  now  move 
properly  say,  by  the  periosteum. 

In  this  process  the  successive  lamelke  extend  farther  and  farUier 
toward  the  two  ends  of  the  skeletal  piece;  new  portions  of  the 
cartilage  are  being  continually  ensheathed  in  bone  and  restricted  in 
their  growth. 

The  perioRteal  bony  sheath  a.ssumes  in  consequence  the  form  of 
two  funnels  united  at  their  apices. 

The  cartilage  which  fills  up  the  funnels  early  undergoes  a  gradual 
metamorphosis  and  degeneration.  From  the  osseous  sheath  there 
grow  into  it  connective-tiKsue  strands  with  blood-vessels,  which 
dissolve  the  matrix  and  produce  larger  and  smaller  marrow-cavities. 
Then,  by  the  secretion  of  osseous  tissue  at  the  surface  of  the 
persisting  remnants  of  cartilage,  there  is  developed  a  spongy  bone- 
substance,  which  fills  up  the  funnel-shaped  cavities  of  the  compact 
bony  mantle  produced  by  the  periosteum.  The  spongy  bone  is, 
however,  only  an  evanescent  structure.  It  in  turn  is  gradually 
dissolved,  beginning  at  the  mid<^lle  of  the  skeletal  element,  and  its 
place  is  occupied  by  a  very  vascular  marrow.  In  this  way  there 
arises  in  the  originally  quite  compact  cartilaginous  fundament  the 
largo  central  medullary  cavity  of  the  long  bones. 

During  these  procc*sses  the  two  ends  stiU  remain  cartilaginous,  and 
serve  for  a  long  time  by  their  growth  to  increase  the  length  of  the 
skeletal  element.  They  are  designated  as  the  two  epiphyseg^  in 
distinction  from  the  middle  piece,  which  is  the  first  to  ossify,  and 
which  has  received  the  name  diapht/ns.  The  latter  increases  in  size 
at  the  expense  of  the  epiphysial  cartilages,  for  the  endochondral 
process  of  ossification  progresses,  with  a  very  distinct  line  of  ossifica- 
tion, toward  both  ends. 

A  new  complication  in  the  development  of  the  tubular  (long) 
bones  arises  either  a  short  time  before  or  in  the  first  years  after 
birth.  There  are  then  developed  in  the  middle  of  each  epiphysis 
special  centres  of  ossification,  the  so-called  epiphysial  nuclei ;  there 
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are  first  produced,  in  the  manner  previously  described,  vascular  canals, 
which  arise  by  the  dissolution  of  the  ciirtilaginotts  siibatance ;  the 
canals  uuita  to  constitute  large  medullary  spaisea,  at  the  surfaces  of 
which  osseous  tissue  is  then  secreted. 

By  a  slowly  progressing  enlargement  of  the  bony  nucleus,  which 
continues  for  years,  the  epiphysial  cartilage  in  gradually  conYerted 
into  a  aponij-i/  oaaeous  disc,  being  finally  reduced  to  small  remnants. 
First,  there  is  preserved,  as  an  investment  of  the  free  surface,  a  layer 
only  a  few  millimetres  thick,  which  constitutes  the  "  articular 
cartilage,"  Secondly,  there  remains  for  a  long  time  a  thin  layer  of 
cartilage  Ijetween  the  older,  bony  midiOe  piece  and  the  bony  dixc-like 
epiphysis,  and  this  serves  to  keep  up  the.  elongation  of  the  skeletal 
part.  For  the  cartilage  grows  vigorouslj-  by  the  proliferation  of  it« 
cellii,  and  thus  is  being  renewed  as  fast  us  ite  two  Bat  surfaces  are 
dissolved  away  by  the  endochondral  ossification  which  takee  place  at 
its  expense,  both  by  the  growth  of  the  bony  epiphyses  and,  to  a  much 
greater  extent,  by  that  of  the  more  rapidly  elongating  diaphysis, 

Thus  it  happens  that  long  bones  ^vhich  have  not  yet  ceased  . 
growing  can  be  divided  into  three  pieces,  if  the  organic  parts  are 
removed  by  maceration.  A  /v.avm  into  a  atnffle  oweoua  piece  does  not 
take  place  until,  at  the  time  of  maturity,  the  inerettae  in  the  length 
of  the  body  has  eeased.  Then  the  thin  plat«8  of  cartilage  between 
the  diaphysis  and  its  two  epiphyses  are  broken  down  and  converted 
into  bony  tissue.  From  this  time  forward  a  further  increase  in  the 
length  of  the  bone  is  Impossible. 

Besides  the  three  typical  and  chief  centres  already  described,  from 
which  the  ossification  of  the  cartilaginous  fundament  of  a  tubular 
bone  proceeds,  there  are  estahliahed  in  many  cases  smaller  centres  of 
ossification  of  secondary  importance,  which  are  denominated  Mcegsory 
hone-nudei.  They  always  arise  in  the  later  years,  when  the  epiphyses 
are  well  developed,  and  sometimes  not  until  they  are  in  process  of 
fusion  with  the  diaphysis.  They  then  appear  at  places  where  the 
cartilaginoiLs  funrlament  possesses  elevations  and  projections,  as  in 
the  tubercles  of  the  humerus,  in  the  troclianters  of  the  femur,  the 
epicondyles,  etc.  They  serve  for  the  conversion  of  these  elevations 
into  osseous  masses,  which  ai-e  generally  the  last  to  fuse  with  the 
chief  bone. 

After  tliLs  general  description,  I  add  some  detaile<l  statements 
about  the  formation  and  the  number  of  the  moie  impoi'tant  bony 
nuclei  in  the  fundaments  of  the  separate  tubular  Ixjnes,  concerning 
which  we  Lave  the  extensive  investigations  of  Sc'hweoel. 
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1.  The  diaphysis  of  tho  humeruB  ossifies  ia  the  eighth  week.  Epiphysial 
nuclei  are  not  formed  until  after  birth,  at  the  end  of  tho  first  or  bcgrinning  of 
the  second  year.  In  tho  second  year  there  appear  accessory  nuclei  In  the 
tuberculum  majns  and  minus ;  during  and  after  the  fifth  year  in  the  epicondyles 
also. 

2.  The  diaphyses  of  the  radius  and  ulna  also  begin  to  ossify  in  the  eighth 
week.  Epiphysial  nuclei  do  not  appear  until  between  the  second  and  the  fifth 
years.    Accessory  nuclei  are  observed  rather  late  in  the  styloid  processes. 

3.  The  metacarpals  beg^n  to  ossify  in  the  ninth  week,  but,  with  the 
exception  of  the  metacarpal  of  the  thumb,  there  arises  only  one  epiphysis, 
which  is  at  the  distal  end.  This  acquires  in  the  third  year  its  own  centre  of 
ossification. 

4.  The  ossification  begins  in  the  phalanges  at  the  same  time  as  in  the 
metacarpals. 

5.  The  femur  begins  to  ossify  in  the  seventh  week.  A  thart  time  before 
birth  there  is  formed  in  the  dietal  epiphysis  a  centre  of  ossification^  which  is  a 
part  of  the  evidence  that  a  child  has  been  carried  to  the  full  time^  and  therefore 
possesses  a  certain  importance  for  forensic  purposes.  After  birth  an  epiphysial 
nucleus  soon  appears  in  the  head  of  the  femur.  Accessory  nuclei  are  formed 
in  the  fifth  year  in  the  trochanter  major,  in  the  thirteenth  or  fourteenth  in 
the  trochanter  minor. 

6.  Tibia  and  fibula  acquire  epiphysial  nuclei  in  the  first  and  third  years  after 
birth,  first  at  the  proximal,  then  at  the  distal  end,  the  ossification  in  the 
fibula  occurring  about  a  year  later  than  that  in  the  tibia.  Gboenbafb 
regards  this  as  indicating  a  subordination  of  the  functional  importance  of  the 
fibula  in  comparison  with  the  tibia. 

7.  The  patella  begins  to  ossify  in  the  third  year. 

8.  To  the  metatarsals  and  the  phalanges  of  the  toes  applies  in  general  all 
that  has  been  said  about  the  corresponding  parts  of  the  hand. 


(c)  Development  of  the  Joints. 

Inafimuch  a«  the  separate  pieces  of  cartilage  in  the  body  are 
formed  by  histological  differentiation  in  the  connective-tissue  layers, 
they  are  at  first  united  to  one  another  by  remnants  of  the  parent 
tissue.  This  generally  acquires  a  more  compact  fibrous  condition 
and  is  converted  into  a  special  ligament. 

Such  a  union  of  the  separate  skeletal  elements  is  the  prevailing 
method  in  the  lower  Vertebrates,  as,  c.<7.,  in  the  Sharks.  In  the 
higher  Vertebrates,  including  Man,  it  is  retained  in  many,  but  not 
all,  place?,  as,  e.g.y  in  the  vertebral  column,  where  the  bodies  of  the 
vertebriB  are  joined  to  each  other  by  intervertebral  discs  of  con- 
nective tissue.  But  at  the  places  where  the  apposed  skeletal  parts 
acquire  greater  freedom  of  motion  upon  each  other,  there  appears, 
in  place  of  the  simpler  connective -tissue  union,  the  more  complicated 
articular  connection. 
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tn  the  davelopmeot  of  the  joints  the  following  geaeral  phenomeiui 
occur; — 

Young  cnrtilaginoiu  fundanii-ntN,  aa,  e.g.,  those  of  the  thigh  and 
leg,  are  in  early  stages  H^paratet]  at  the  place  vhere  tlie  articular 
cavity  is  subsequently  formed  by  a  very  cellular  intermediate  tissue 
(the  intermediate  diuc  of  Henkb  ukd  Kbvhek).  Thi<i  subeequeatty 
diminishes  in  extent,  because  the  ends  of  the  cartilages  grow  at  its 
expense.  In  many  cosee  it  disappears  entirely,  so  that  the  terminal 
surfaces  of  the  skeletal  parts  concerned  are  for  some  distance  in 
immediate  contact. 

The  specific  curvature  of  the  articular  surfaces  is  by  this  time 
mora  or  less  well  established.  This  itt  accomplislied  at  a  time  when 
there  is  as  yet  no  articular  cavity,  and  when,  moreover,  movements 
of  the  skeletal  pnrts  cannot  be  executed,  be-^uuse  the  muscles  are  not 
capable  of  functioning. 

From  this  it  follows  that  during  embryonic  life  the  articiUnr 
■surfaces  cannot  acquire  their  specilic  form  under  the  influence  of 
muscular  activity,  and  that  they  are  not  formed,  as  it  were,  by 
attrition  and  adaptation  to  each  other  in  consequence  of  definite 
recurrent  movements  in  a  Kiinply  mechanical  way,  as  has  been 
assumed  by  many.  Tht  earhj  appewiiu/  ti/picai  fonn  of  Ihe  joint 
genmt  tftere/ore  to  be  iniiefiled  (Bebnavs).  Muscular  activity  can  be 
etTective  only  lor  alterations  at  later  stagts;  it  ia,  however,  not 
without  influence  in  the  further  development  and  formation  of  the 
ailiculiLr  surf  aces. 

When,  after  the  disappearance  of  tlie  intermediate  tissue,  the 
Muvfrtces  at  the  enilf  of  the  developing  curtilages  come  into  immediate 
contact,  thert'  arises  between  them  a  narrow  fiKSure  us  the  first 
fundament  of  the  articidar  cavity.  This  ia  bounded  directly  by  the 
hyaline  articular  cartilage,  which  does  not  here  possess  any  peri- 
chondrium, Then  a  shoi'pev  delimitation  of  the  articular  cavity 
from  the  suiTouudiug  connective  tissue  gradually  takes  place,  inas- 
much as  a  firmer  connective -tissue  layer,  which  Iweomes  thepa[isular 
ligament,  ir>  developed  from  one  cartilage  to  the  other,  and  addi- 
tional  fibrous  tracts  are  convert-d  into  separate  tense  articular 


The  process  of  development  takes  a  somewhat  different  course 
when  the  articular  surfaces  do  not  tit  into  each  other.  In  these 
casee  the  ends  of  the  cartilages  ciinnot  come  into  immediate  contact 
in  the  manner  previovisly  described  ;  they  now  remain  sejiarated  by 
more  or  lass  considerably  remnants  of  the  richly  cellular  intermediate 
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tissue,  which  then  atisumes  more  and  more  the  condition  of  compact 
fibrous  tissue. 

When  the  intermediate  tissue  is  preserved  in  its  whole  extent, 
there  arises  a  fibro-cartilaginous  interarticular  disc  (intermediate 
or  interpolated  cartilage),  which  is  inserted  as  an  elastic  cushion 
between  the  skeletal  pieces.  There  is  formed  an  articular  fissure 
between  the  ligamentous  disc  and  the  terminal  surfaces  of  each  of 
the  articular  cartilages,  or,  in  other  words,  there  is  developed  an 
aiiicular  cavity,  which  is  divided  into  two  by  means  of  an  interpolated 
disc. 

Finally,  a  special  modification  of  the  joint  occurs  when  the  carti- 
lages are  partly  in  contact  and  partly  remain  separated  by  inter- 
mediate tissue.  In  this  case  there  appears  at  the  place  of  contact 
a  single  articular  cavity;  laterally,  however,  this  is  enlarged  by 
the  incongruent  parts  of  the  cartilaginous  surfaces  becoming  split  off 
from  the  intermediate  tissue  separating  them.  Thus  there  arises  an 
articular  cavity  which,  it  is  true,  is  single,  but  into  which  are  thrust 
from  the  articular  capsule  the  metamorphosed  products  of  the  inter- 
mediate tissue,  which  constitute  the  so-called  semi-lunar  fibro-carti- 
lages  or  the  menisci,  as  in  the  case  of  the  knee-joint. 

As  was  previously  described  in  treating  of  the  development  of  the 
bones  of  the  extremities,  there  is  preserved,  even  after  the  termination 
of  the  process  of  ossification,  an  exceedingly  small  remnant  of  the 
cartUaginous  fundament,  which  forms  on  the  articular  surfaces  a 
cartilaginous  covering  only  a  few  millimetres  thick.  The  articular 
ends  of  all  bones  that  are  developed  out  of  a  cartilaginous  fundament 
possess  such  a  covering. 

It  is  different  when  bones  that  have  been  produced  directly  in 
connective  tissue  (the  covering  bones)  are  united  to  each  other  by 
a  veritable  joint.  Such  a  case  occurs  in  the  articulation  of  the 
lower  jaw  in  Mammals.  The  glenoid  process  of  the  lower  jaw,  as 
well  as  the  glenoid  fossa  of  the  squamous  poilion  of  the  temporal 
bone,  is  in  this  case  covered  with  a  thin  layer  of  unossified  tissue.  It 
looks  like  cartilage,  and  usually  is  described  as  such.  Bui  microscopic 
examination  shows  that  it  is  composed  exclusively  of  layers  of  con- 
nective-tissue fibres. 

As  there  are  bones  whic/i  are  preformed  in  cartiku/e  and  others  vohich 
a/re  preformed  m  connective  tissue^  so  a  distinction  must  he  made 
between  joints  %Joiih  a  covering  of  hyaline  cartikuje  and  joints  with 
a  covering  of  fibrous  connective  substance. 
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Summary. 

A.  The  Vertebral  Colur. 


1 .  During  deviilopment  the  vertebral  column  paitees  tijruugh 
tieveniil  (from  lower  to  higher)  morphological  condilJoDs,  of  which  the 
lower  (ire  jjermanently  preserved  in  the  inferior  classes  of  Vertebrates, 
whereas  in  the  higher  cla»»s  they  appear  only  at  the  beginning  of 
development  and  ore  then  replaced. 

2.  In  the  axial  skeleton  three  different  atagea  of  development  wo 
distinguished ; — 

(1)  Aa  chorda  doraalis  (notochord), 

(3)  As  cartilaginous  and 

(3)  As  oi4)eouB  vei'tehral  column. 

3.  The  chorda  is  developed  out  of  a  ti'act  of  cells  (chorda-cntoblasl, 
fundament  of  the  chorda)  lying  below  the  neural  tube  and  belonging 
to  the  inner  genn-layer,  fi-om  which  it  ie  detached  by  uitstrii'lioii 
(chordal  folds). 

4.  The  chorda  is  a  rod  t-omposed  of  vesiculated  cells  and  bounded 
superficially  by  a  firm  sheath ;  it  begins  with  a  jxiiuted  end  beneath 
the  mid-brain  vesicle  (in  the  region  of  the  futtu'e  sella  turcica  of  the 
cranial  floor)  and  reaches  to  the  blastopore  (primitive  groove). 

5.  The  choi-da  persists  as  a  permanent  skeletal  structure  in 
Amphiosus  and  the  C!yc!oat«mes. 

6.  A  cartilaginous  vertebral  column  is  found  in  the  adultji  of  the 
Selachians  and  some  of  the  Ganoids,  while  in  the  remaining  Verte- 
brates it  appears  more  or  lewi  during  development  an  a.  forerunner 
of  the  bony  vertebral  column. 

7.  The  cartilaginous  vertebral  column  is  developnl  by  histological 
metamorphosis  out  of  embryonic  connective  tissue,  a  part  of  which 
envelops  the  chorda  as  skeletogenous  chordal  sheath,  and  a  part 
forma  a  thin  continuous  envelope  (membranous  vert«bral  arches) 
around  the  neural  tube. 

8.  The  procesa  of  chondi-itication  begins  on  both  sides  of  the 
chorda,  progresses  around  it  both  above  and  below,  and  thus  forms 
a  cartilaginous  ring, — the  body  of  the  vertebra, — from  which  the 
prooees  of   chondrification  advances  dorsally  into  the  membranous 

.  envelope  of  the  neural  tubes,  producing  the  ai-ches  of  the  vertebrte 
and  ceasing  with  the  formation  of  the  vertebral  spines. 

9.  It  is  not  until  the  beginning  of  the  process  of  chondritiuation 
in  the  unsegment«d,  connective- ties uc,  skeletogenous  chordal  sheuth 
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that  the  axial  skeleton  undergoes  a  segmentation  into  separate  like 
portions,  which  are  situated  one  behind  another ;  to  aooomplish  this, 
remnants  of  the  parental  tissue  do  not  chondrify,  but  become^ 
between  the  bodies  of  the  vertebne,  the  intervertebral  discs,  and, 
between  the  arches,  the  ligamenta  intercruralia,  etc. 

10.  The  segmentation  of  the  vertebral  column  has  been  dependent 
in  its  origin  upon  the  segmentation  of  the  musculature,  and  has 
been  effected  in  such  a  way  that  skeletal  segments  and  muscular 
segments  alternate  with  one  another,  and  that  the  longitudinal 
muscle-fibres,  which  lie  alongside  the  axial  skeleton,  are  attached 
by  their  anterior  and  posterior  ends  to  two  [adjacent]  vertebne  and 
are  capable  of  moving  them  upon  each  other. 

11.  The  chorda  is  more  or  lees  restrained  in  its  growth  by  the 
cartilaginous  bodies  of  the  vertebne  surrounding  it,  and  degenerates 
in  different  ways  in  the  different  classes  of  Vertebrates  ;  in  Mammals 
the  part  located  in  the  body  of  the  vertebra  is  completely  obliterated, 
whereas  a  remnant  of  it  is  preserved  between  vertebne  and  becomes 
the  jelly-core  of  the  intervertebral  disc. 

12.  The  cartilaginous  vertebral  column  is  converted  in  most 
Vertebrates  into  a  bony  one,  by  the  breaking  down  of  the  carti- 
laginous tijssue,  which  begins  at  different  places,  and  its  replacement 
by  bony  tissue.     (Formation  of  bone-nuclei  or  centres  of  ossification.) 

13.  The  ossification  of  each  cartilaginous  vertebral  fundament  in 
Mammals  and  Man  proceeds  from  three  centres,  from  one  in  the 
body  and  one  in  each  half  of  the  arch,  to  which  subsequently 
certain  accessory  centres  are  added. 

14.  With  each  vertebral  segment  there  is  associated  a  pair  of  ribs, 
which  arise  by  a  process  of  chondrification  in  the  layers  of  tissue 
which  separate  the  muscle-segments  (the  ligamenta  intermuscularis). 

15.  In  Man  the  various  regions  of  the  vertebral  colimm  are 
produced  by  metamorphosis  of  the  vertebral  and  costal  fundaments. 

(1)  The  thoracic  part  of  the  vertebral  column  (dorsal  vertebne) 

is  characterised  by  the  following  peculiaritieB :  the  ribs 
attain  to  complete  development ;  a  part  of  them  become 
expanded  at  their  ventral  ends,  and  united  to  form  the 
two  sternal  bars,  by  the  fusion  of  which  the  unpaired 
sternum  is  produced.  (Fissura  stemi,  an  arrested  forma- 
tion.) 

(2)  In  the  cervical  and  lumbar  regions  of  the  column  the  funda- 

ments of  the  ribs  remain  small,  and  fuse  with  outgrowths 
from  the  vertebrae — the  transverse  processes — to  form 
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the  lateral  processes.  In  the  neck-region  tbere  isretuineJ, 
between  the  transverse  pi-ocesa  and  the  rudiment  of  the 
rib,  the  forameD  traneveraarium  for  the  vei-tebral  artery. 

(3)  AtlnH  and  epistropheus  [axis]  uBSume  special  forms,  owing  to 

the  fact  that  the  body  of  the  atlas  remains  separate  from 
the  fundaments  of  itu  arch,  und  unites  with  the  body  of 
the  axis  to  form  its  odontoid  process.  (Separate  centre 
of  ossification  in  the  odontoid  process.) 

(4)  The  Bacruin  renults  from  the  fusion  of  five  vertebne  and  the 

sacral  ribs  belonging;  to  them.  The  latter  by  their  fusion 
produce  the  uo-ciiUed  maasie  latei'ales,  which  bear  the 
aHicular  surfacea  for  the  ilium. 

h.  The  llettd-ShiUlon. 
!6.  The  skull,  like  the  vertebral  column,  passes  through  three 
morphological  conditions,  which  are  designated  iis  membranous  and 
cartilaginous  primordial  cranium  and  oh  bony  cranial  capsule. 

17.  The  membranous  primordial  cranium  consists  of — 

(I)  The  anterior  end  of  the  chorda,  which  extends  to  the  anteiiur 
margin  of  the  mid-brain  vesicle,  and 

{'i)  A  connective-tiasue  layer,  which  surrounds  the  chorda  as 
skeletogenous  layer,  and  also  furnishes  a  membranous 
investment  around  the  tive  bi-ain- vesicles. 

18.  The  cartilaginous  primordiitl  uranium  arises  by  a  histological 
metamorphosis  of  the  membranous  one. 

(1)  At  the  sides  of  the  chorda  there  are  first  formed  two  car- 
tilaginous rods,  the  two  parachordals,  whicli  soon  grow 
nround  the  chorda  both  above  and  heluw,  and  become 
united  into  a  single  cartilaginous  plate. 

(2)  In  front  ot  the  parachordals  Rathke's  trabecule  cranii 
make  their  appearance ;  their  posterior  ends  soon  unite 
with  the  parachordal  cartilages,  their  ant«rior  ends 
become  enlarged  and  by  fusing  with  each  other  produce 
the  ethmoid  plat« ;  in  the  middle  they  remain  for  a  long 
time  separate  and  embrace  the  hypophysis  (region  of 
sella  turcica). 

(3)  From  the  cartilaginous  base  of  the  cranium  thus  produced, 
the  process  of  chondritication,  as  in  the  development  of 
the  vertebral  column,  first  extends  Into  the  lateral  walls, 
and  at  last  into  the  roof  of  the  membranous  primordial 
cranium,  partly  enclosing  the  higher  .sensory  organs. 
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19.  In  the  Selachians  the  cartilaginous  primordial  cranium  is  a 
permanent  structure/ and  possesses  rather  thick  uniform  walls ;  in 
Mammals  and  Man,  on  the  contrary,  it  is  of  only  short  duration, 
serving  as  foundation  for  the  hony  cranial  capsule  that  takes  its  place; 
it  is  therefore  less  completely  developed  than  in  Selachians,  for  only 
the  base  and  lateral  parts  are  in  all  cases  cartilaginous,  whereas  the 
roof  presents  large  openings  closed  by  dermal  membranes. 

20.  From  its  relation  to  the  chorda  dorsalis,  there  are  dis- 
tinguishable in  the  cartilaginous  primordial  cranium  two  chief 
portions, — a  vertebral  (chordal)  and  a  non-vertebral  (prechordal), — 
or,  according  to  its  relations  to  the  sensory  organs,  it  may  be 
divided  into  four  regions— ethmoidal,  orbital,  labjninthal,  and 
occipital 

21.  As  the  ribs  are  associated  with  the  vertebral  column  in  the 
form  of  ventral  arched  structures,  so  also  the  visceral  skeleton  is 
united  to  the  primordial  cranium  in  the  head-region. 

22.  The  visceral  skeleton  is  composed  of  segmented  cartilaginous 
rods,  which  have  arisen  by  a  process  of  chondrification  in  the  tissue 
of  the  membranous  visceral  arches  between  the  successive  visceral 
clefts. 

23.  The  cartilaginous  throat-  or  visceral  arches  are  weU  developed 
only  in  the  lower  Vertebrates  (permanently  in  the  Selachians),  and  are 
distinguished,  according  to  differences  of  position  and  form,  as  jaw- 
arch,  hyoid  arch,  and  branchial  arches,  the  last  being  variable  in 
number. 

24.  The  jaw-arch  is  divided  into  the  cartilaginous  upper  jaw 
(palato-quadratum)  and  the  cartilaginous  lower  jaw  (mandibulare) ; 
the  hyoid  arch  into  the  hyomandibulare,  the  hyoides,  and  the  unpaired 
copula. 

25.  In  Mammals  and  Man  the  cartilaginous  visceral  skeleton 
attains  only  a  very  rudimentary  condition,  and  is  converted  into  the 
cartilaginous  fundaments  of  the  three  auditory  ossicles  and  the  hyoid 
bone. 

26.  In  the  membranous  jaw-arch  arise — 

(a)  The  incus,  which  corresponds  to  the  palato-quadratum  of 
lower  Vertebrates ; 

(6)  The  malleus,  which  is  the  representative  of  the  articular 
part  of  the  cartilaginous  mandibulare ;  and 

(c)  The  cartilage  of  Meckel,  which  corresponds  to  the  remain- 
ing portion  of  the  mandibulare,  but  which  afterwai^ 
completely  degenerates. 
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27.  The  membranoua  byoid  arch  ftu'uishee,  [beginning  with]  its 
uppermoet  part,— 

(a)  The  bow  of  the  stapea, — whereas  its  plate  is  derived  from 
the  ci-anial  capeule  and  is,  iis  it  were,  c;iit  out  to  form  the 
fenestra  ovalia, — 
(6)  The  procettsiiB  Htyloideus, 
{c)  The  ligamentutn  stylohyoidi'iiin,  and 
(d)  The  lesser  horn  and  body  of  the  hyoid  bone. 
26.  The  third  membranouis  viaceral  arch  is  thoudriiied  otdy  in 
ite  lowest  [ventral]  part,  to  form  the  gi-eater  horn  of  the  hyoid 
bone. 

29.  At  no  stage  of  ito  development  doei)  the  primordial  cranium 
exhibit  evidence  that,  like  the  vert«br&l  column,  it  is  composed  of 
Beparat«  segments. 

30.  The  original  segmentation  of  the  head  is  expressed  in  only 
three  ways— in  the  appearance  of  several  primitive  segments  (myo- 
tomes), in  the  an-angement  of  the  craniaJ  nerves,  and  in  the  funda- 
ment of  the  visceral  skeleton. 

31.  The  primordial  cranium  is  therefore  an  unsegmented  skeletal 
fundament  in  a  region  of  the  body  that  is  segmented  in  another 


32.  The  ossification  of  the  head-skeleton  is  a  much  moi-e  com- 
plicated proceea  than  that  of  the  vei-tebral  column. 

33.  Whei-eas  in  the  vertebral  column  thei-e  are  developed  hones  of 
only  one  kind, — through  substitution  for  cartilage, — there  iii'e  to  be 
di^inguished  in  the  ossiiication  of  the  head-skeleton,  according  to 
their  formation  and  source,  two  diflerent  kinds  of  bone — primary 
and  secondary. 

34.  The  primary  bones  of  the  head  arise  in  the  cartilaginous 
primordial  cranium  and  visceral  skeleton,  like  the  separate  bone- 
uuclei  in  the  cartilaginous  vertebral  column. 

35.  The  secondary  bones,  covering  or  membrane- bones,  arise 
outside  the  primordial  skeleton  of  the  head  in  the  connective-tisBas 
foundation  of  the  skin  and  mucous  membrane ;  they  are  therefore 
dermal  and  mucous-membrane  ossificationa,  and  constitute  in  lower 
Vertebi'ates  a  portion  of  a  dermal  skeleton  that  covei's  the  surface 
of  the  whole  body. 

36.  The  covering  bones  are  developed  in  some  instiLnces,  which 
can  be  regarded  o»  reproductions  of  the  original  method,  by  fusion  of 
the  bony  boses  of  numerous  denticles  which  arise  in  the  dan  and 
mucous  membi'ane. 
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37.  Primary  and  secondary  bones  sometimes  remain  separate  in 
later  stages,  sometimes  they  fuse  with  each  other  to  form  bone- 
complexes,  like  the  temporale  and  sphenoidale. 

38.  After  the  conclusion  of  the  process  of  ossification  only  unim- 
portant remnants  of  the  primordial  cranium  pendst  as  the  carti- 
laginous partition  of  the  nose  and  as  the  nasal  cartilages. 

C,  The  iSkeletan  of  the  Extremities, 

39.  The  skeleton  of  the  limbs,  excepting  the  clavicle,  the  develop- 
ment of  which  exhibits  many  peculiarities,  is  established  in  the 
cartilaginous  stage.  (Cartilaginous  shoulder-girdle,  cartilaginous 
pelvic  girdle,  cartilages  of  arm  and  leg.) 

40.  The  ossification  takes  place,  in  the  same  manner  as  in  the  verte- 
bral column  and  primordial  cranium,  from  centres  of  ossification  by 
disintegration  of  cartilaginous  tissue  and  its  replacement  by  osseous 
tissue. 

41.  The  most  of  the  small  cartilages  of  the  wrist  and  ankle  ossify 
from  a  single  bone-nucleus,  but  the  larger  flat  cartilages  of  the 
shoulder  and  pelvic  girdles  from  several  centres. 

42.  The  cartilaginous  fundaments  of  the  tubular  [long]  bones 
ossify  at  first  in  the  middle,  which  region  is  designated  as  diaphysis, 
whereas  their  two  ends — the  epiphyses — ^remain  for  a  long  time 
cartilaginous,  and  are  the  means  of  the  elongation  of  the  skeletal 
element. 

43.  In  Man  the  cartilaginous  epiphyses  begin  to  ossify  from  centres 
of  their  own  (epiph3rsial  nuclei),  some  of  them  in  the  last  month 
before,  others  not  until  after  birth. 

44.  The  fusion  of  the  bony  diaphysis  with  the  bony  epiphyses  does 
not  take  place  until  the  termination  of  the  growth  of  the  skeleton 
and  body  in  length,  and  is  accompanied  by  the  removal  of  the 
intervening  cartilaginous  tissue. 

45.  Before  growth  is  at  an  end  the  tubular  bones  can  be  divided 
into  a  larger  middle  piece  (diaphysis)  and  two  small  bony  epiphyses. 

46.  Of  the  cartilaginous  fundament  of  a  tubular  bone  there  is 
preserved  only  a  small  remnant  as  a  cartilaginous  covering  of  the 
articular  ends  (articular  cartilage). 

47.  The  medullary  cavity  of  the  tubular  bones  is  formed  by  the 
resorption  of  the  spongy  bone-substance  that  first  replaced  the 
cartilage. 

48.  Whereas  the  articular  ends  of  bones  preformed  in  cartilage 
are  covered  over  with  hyaline  cartilage,  the  articular  surfaces  of 


bonos  of  ponnectivo-tLiRue  origin  (covering  bones)  present  an  invest- 
ment of  fibraiia  connectiv6  substance  (articultition  of  the  jaw), 

49,  The  form  of  the  articuliir  wirfncfs  In  iletermineJ  at  ft  time 
when  on  influence  on  the  part  of  the  mnsonlatui-e  L«  not  to  be 
considered. 
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den  proximaleo  Tbeil  der  WirbclaSule  eiDiger  Selachier.    Oerpal  1HH4, 
BoBenberg,  S.    Ueber  die  Entwicklung  der  Wirbelsanle  und  das  t'eulralo 

carpi  des  Mensi'hen.     Morphot.  Jahrb.     lU.  I.     1ST5. 
Buge.     Unten^QcbaDgen  iibcr  Eotwioklangsvori^Dge  am  Brustbein   und  an 

der  SternocUvicularverbindiing  des  Meiucbea.    Morphol.  Jabrb,     lid.  VI. 

1880. 
Bftlensky,  W.     Itvitriige  kui  Kntwioklangsgeschicbte  der  ksorpeligen  Oehiir- 

kniicbeloliBn  bei  Kaugetbieren.    Morphol.  Jahrb.     Bd.  VI,     1880. 
SchwegeL    Die  Entwichlungsge8i;hichte  der  Knoohen  dea  Slamnes  und  dcr 

KxtremitiilL'ti  mit  BUoksteht  auf  Chinii^i-,  (iebuitskoude  und  geriobtlitshe 

Medicin.     Sitiuogsb.  d.  k.  AkaU.  d.  WiBseuaob.  Wion.  Matb.-natnrw.  CI. 

Bd.  XXS.  1S58,  p.  :(37. 
Bpdndli,  H.    Oeberden  rrimonUalschBdelderfiaDgeCbiere  uDdde^  Mensoben. 

loaDgiirat- Disserts  (ion.    ZilTich  1M6. 
Btohr.    Zdt  EatwioklmigageBobichte  dei  Kopfskelets  der  Teleostier.    Fest- 
schrift d.  medicin.  Facullat  Wlinburg.    Leijnig  1882. 
Btohr.    Znr  EntwickluDgKgeHchichtc  des  UrodolenacbadelH.    Zoitocbr.  t.  wiis. 

Zoolt^e.    Bd.  XXSIII.    1871). 
Btohr.    Znr  EntwicklnngBgeachichtc  des  AnarenschadeU.     Zeitsohi.  f.  wisa. 

Zoologie.     Bd,  XXXVI.     1881. 
Btohr.      Ueber    Wirbcttheoriu   des    tichadels.      ^iCEungab.  d.    pbyaik.-med. 

Oesellscb.  Wanburg.    1881. 
Wledorahelm.    Ueber  die  Enlwicklung  des  Kobultur-  und  Beckungiirtcls. 

Anat.  AuMiger,    Jabig.  IV.  1883  a.  Jabrg.  V.  ISW. 
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Besides  the  wiitiiigs  ti*eating  of  the  development  of  the  separate 
sytitemB  of  oi'gan^,  tlie  following  larger  monographic  works  should  be 
cited: — 

Embryology  of  Man. 

Coste.    ilitttoire  gcn6rale  et  particulierc  du  devcloppcment  des  corpe  organises. 

1847-1859. 
Boker.    Icones  pbysiologicae.    Leipzig  18ol~lH59. 
Brdl.    Die  Entwicklung  dc8  Menschen  und  HUhncbend  im  £ie.     Leipzig 

1815. 
HIb.    Anatomio  mensclilicher  Embryonen. 

Heft  I.    Embryonen  den  ersten  MonatH.    Leipzig  1880. 

lleft  11.    (^estalt  und  Ciru88enentwicklung  bis  zum  Scblaiis  dcs  zweiten 

Monats.    Leipzig  1882. 
Heft  111.    Zor  (joscbicbte  der  Organe.    Leipzig  1885. 

EmhryoUtgy  of  Mammals. 

Baer,  C.  E.  von.    Ueber  Entwicklungsge^chichte  der  Tliiere.    Beobacbtong 

und  IteUexion.    Kdnigtherg  1828  u.  18;J7. 
Balfour.    A  Monograph  on  the  Development  of  Elasmobrancb  Fihbes.    Z<;»- 

don  1878. 
Bisohoffl    Entwicklimgsgcscbicbte  des  Kaninchens.    Jirauntokieeig  1842. 
Bisohoffl    Entwicklungsgeschichte  des  Hundeeies.    1x45. 
Bisohoff.    EntwicklangBgeschicbte  de8  Mcerschweinchems.    1852. 
Bisohoffl    Entwicklung8ge«chichte  des  Kehet!.    1854. 
Bonnet.    Beitriige  zur  Embr^'ologie  der  Wiederkauer,  gewonnen  am  Scbafei. 

Archiv  f.  Anat.  u.  PbysioL    Anat.  Abtb.     1884  u.  1889. 
DuvaL    Atlas  d'embryologie.    Paris  1889. 
Ootte.    Entwicklungsgcschicbte  der  Unke.    Ijcipzig  1875. 
Hatschek,  B.    Ktndien  Uber  Entwicklung  des  Ampbioxus.    Arbeiten  a.  d. 

zool.  Inst.  d.  Universitat  Wien.    1882. 
Hensen.    Beobacbtnngen  Uber  die  Bcfruchtung  und  Entwicklung  des  Kanin- 

chens  und  Meerschwcinchens.    Zeitschr.  f.  Anat.  u.  Entwicklungsg.     Bd. 

i.     187ti. 
His,  W.    Untersuchungen  iiber  die  erstc  Anlage  des  Wirbelthierleibcs.    Die 

erste  Entwicklung  des  Hiihnchens  im  Ei.    Leipzig  1868. 
Hubreoht.    Studies  in  Mammalian  Embryology.    I'lacentation  of  Erinaceos, 

etc.    Quart.  Jour.  Mic.  Sci.    Vol.  XXX.  181K».  p.  283. 
Rathke.     Entwicklungsgescbichte  der  Natter.    Kdnigtherg  1839. 
Bemak.    Untersuchungen  Uber  die  Entwicklung  der  Wirbclthiere.    Berlin 

1855. 
RUckert.    Ueber    die    Entstebung   der    Excrctionsorgane    bei    Selachiem. 

Archiv  f.  Anat.  u.  Pbysiol.    Anat.  Abth.    18S8. 
Schultze,  M.    Die  Entwicklungsgescbicbte  vou  retromyzon  Planeri.    1856. 
Selenka.     Studien  Uber  Entwicklungsgehchichtc  der    Tbiere.      Wiesbaden 

1886,  etc. 
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Arbor  vllic,  427. 

Archenlcron,    8,i,    95.    170-  -/i,^    alto 

^■>           Accessory  gi:rm,  189, 

CiBlcntnron. 

^H              —  nuclei   (oentiiM    of   omlHcfttiuo). 

■                       S99.  610,  64S. 

Archiblaetic  tjwuo,  189. 

■             —  thyroid  gliuu],  318,  »2U 

Arcuate  fisHare,  443— ifr  aU«  Fissura 

■            AcerruloH  cerabri,  436. 

■          Arter-birth— «w  PlnccaUt. 

—  opaca.  B9,  177. 

H          Aftor-braiD,  421. 

—  pellQcida,  99,  178. 

H             —  vesicle,  422,  427. 

-  vaeculDsa,  186. 

V            Air-oulls  uf  lung,  323. 

—  vitollina.  186. 

^             Ai^K^harabc^  of  Hon't  egit,  18,  21!l. 

.Vreola  mammie,  G31. 

Albumen  of  Hen's  egg,  !7. 

Arteria  carotis,  572. 

Alecithal  eggs.  12. 

-  centralU  retinic,  475,  481. 

Alimentary  tuUi,  281. 

-  byaloidea.  476. 

Allantoic  Gircalntion,  5B2. 

-  iliaca,  67fi. 

Allwitois  ot   Mftmmnlg.  of  Man,  22^, 

—  perforaiu  stapedia,  dU. 

M5,  270.  3»a. 

—  dE  fiepUlcs  and  Blitts,  2I7-I!», 

-  Bacralia  media.  576. 

—  of  Man,  244.  260, 

-  apermaticA,  336,  ;19U. 

—  of  BcptaoB  and  Birds,  2ur.  21!'. 
AmnioU,  338. 

-  BUbclavia.  673. 

—  umliilicalis,  2WJ,  2T0,  552,  57ii. 

AranioliG  fluid  of  Man,  251,  271. 

—  vcrtcbralis,  572. 

—  folds,  207-y. 

Arterial  sysWm,  570. 

—  sheath  of  tho  umbilicBl  cord.  2J2. 

Articular  cartilage,  643. 

Ampulla  of  semicircular  I'onalH,  195. 

Articnlare,  626. 

Articulation  of  jaw.  primary,  «24. 

-  pit,  291. 

—  secondary,  646,  626. 

Atlaji,  603. 

Ammal  cells  of  the  germ,  (iO. 

Atresia  pupills  congenita,  474. 

-  poleoftheegg,  11. 

Atrial  partiUon.  6S8, 

AnimalenlUts.  24. 

AtriOTeotricular  valve.  55S,  669.  561. 

Ankle-bones.  641. 

Antrum  of  Highmorc.  518, 

-  of  heart,  354. 

Auditory  organ.  490. 

AUYil-WC  blCM. 

—  ossicle^  508,  61U. 

Aorta  cundsliB.  67li. 

-  pit.  4B1. 

—  double.  B76. 

-  ridge.  4a2. 

—  permanent,  505,  576. 

-  spot,  492. 

—  primitive.  235.  549. 
Aortic  arch,  right-sided,  S76, 

-  sac       1    ,  / Inirortebratcs.  492. 

-  vesicle  /  "*  I.  Vertebrates.  491. 

—  arches,  28«,  B71,  073. 

Auricle  (oKtoi-nnl  car),  609. 

-  (of  heart),  S55, 

Auricular  caiinl  (of  hcirt),  535. 
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H. 


Basal  plate  of  the  placenta  uteriiu, 

262. 
Basilar  plate.  600. 
Bell*8  law,  460. 

Belly-stalk  of  human  embrjx),  243. 
Between-bimin,  425. 

—  resicle,  422,  431. 
Bile-duct,  329. 

Blastoderm.  67.  j 

Blastodermic  Tesicle,  224 — MrBlastula.  I 
Blastopore,  85,  96, 104,  282. 
Blastosphere,  68. 
Blastospheric  ccelom,  904. 
Blastula,  68. 100.  92,  90,  88,  224. 
Blood,  formation  of,  170,  175.  | 

Blood-circulatioD.  single,  557. 

—  double,  557,  586.  I 
Blood -corpusclea,  embryonic,  183.           J 
Blood-inlands  179,  183,  551. 
BlocKi-pointi*.  lt<3. 

Blood-vessel  system,  542. 

Blood- vessels,  formation  of,  186,  175. 

Body,  form  of  the,  194.  1 

—  of  Amphioxus  and  Amphibia,  195. 

—  of  Fishes,  Reptiles,  and  Birds,  197. 
Body  of  vertebra,  698. 
Bone-nuclei — tec  Centres  of  ossifica- 
tion. 

Bony  labyrinth,  502. 

—  tissue,  541. 
Bowman*8  capsule  of  urinary  tubules, 

3<;4. 
Box- wi thin-box  theorr,  23. 
Braiu.  421. 
Brain-fi?«huru.  anterior.  431. 

—  fostirri'jr,  421», 
Brain-plate.  157. 
Brain-huiid.  436. 
Brain-vepifits,  421. 

—  lir>t.  43y. 

—  set'Oli'l.  4'il. 

—  tl.:r-l.  4:i". 

—  f.-nrth.  421*. 
--  tiftb.  427. 

Bran«*hial  arches,  2J^6,  6i»9. 

—  artoric*.  2^«».  571. 

—  elefts.  2>*.'>. 

—  furrwW'i,  2>6. 

-  leaH«ts.  2s7.  571. 

-  veins.  2S7.  f»71. 
Braiichiomeres,  .'iol. 
Branchiomensm,  (>3.'i. 
Bursa  omentalis,  300,  30:^  ! 

C.  i 

Calcar  avis,  441.  I 

Canalis  auricularit^,  -Joo. 


Canalis  hyaloideos,  475. 

—  indsivus.  517. 

—  neoxenteriens  of  Amphibia.  120. 

—  nenrentericos  of  Amphkana.  110. 

—  nenrentericos  of  Birds,  Bepiiles, 

etc,  126,  417. 

—  nenrentericos  of  Mammals,  129, 

282,293. 

—  reuniens,  497. 

—  utriculo-saccularis.  497. 
Cardiac  endothelium,  booioc  of,  175, 

544. 
Cardinal  veins,  577. 
CaipAl  bones,  641, 
Cartilaginous  tieBoe,  540. 
Canmcula  lacrymalis,  487. 
Cauda  equina,  421. 
Caudal  fold.  200. 

—  gut,  292, 

—  sheath,  209. 
Cavum  tympani.  507. 
Cclla  media,  443. 
Cell-budding.  31. 

Cell-patches   (chori<Huc   epitheliam), 

261. 
Central  canal  of  the  spinal  cord,  419. 

—  fuiTow  of  the  cerebrom,  447. 

—  lobe  of  hemispheres,  442. 
Centres  of  ossification,  643,  699. 
Centrolecithal  eggs,  12. 
Centrosomes,  53. 

Cephalic  curvature,  284. 

—  elevation,  202. 

—  flexure,  423. 

—  process — *te  Head-process* 

—  fre  aUo  Head. 
Cerebellum,  430. 

—  vesicle  of,  422. 
Cerebral  mantle,  426. 

—  vesicle,  422. 

—  vesicles — »ve  Brain-vesirles. 
Cervical  cavi  v   ."16,  566. 

—  fistula,  290. 

—  ribs,  602. 

—  sinus,  289. 

—  vertebrae,  602. 
Chalaza,  18. 
Chief  germ,  189. 
Chcrda  dorsalis,  110,  593. 

—  fundament  of,  110,  117. 

—  tympani,  508,  621. 
Chordal  canal,  132. 

—  groove  of  Amphibia,  119. 

—  groove  of  Amphioxus,  111. 

—  groove  of  Birds,  Selachians,  Mam- 

mals, 130,  131. 

—  sheath,  594. 

—  sheath,  skeletogcnous,  595. 
Cboriocapillaris,  482. 
Chorion,  9. 
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Corpus  paplllare,  521. 

■            -  Isve,  219. 

—  Btriatum,  441. 

■            -  of  Munnula,  230. 

Corti'8  organ,  198.505. 

■            —  of  Han,  248. 

Cortical  furrows  of  brain,  446. 

Chorionio  epitheUnin,  3SI,  368, 

Cotyledons  of  the  embryonic  mem- 

—  Tim,  24S.  260. 

Choroid  fiuuit  (brsin),  Ml,  143. 

~  of  human  placenta,  259,  262. 

cir„ifi3.''"'- 

Covering  bones,  616,  619. 

—  enumeration  of,  619. 

ChromatiQ  of  nucleus,  9,  B3,  65. 

Cranium,  605. 

Cbromosomes,  12,  S2. 

—  facial  part  of.  609. 

Cicatricnla,  15. 

Croscentic  groove  of  germ-disc.  93,  B6, 

Ciliaiy  iwdj,  178, 183, 

121. 

Crista  acuBtica,  192,  4[)8. 

123,  139. 

Crara  cerebri,  430. 

ClatMtrom,  Hi. 

Cryptorehisra,  392. 

O-Ticle,  639. 

Cuneua,  428. 

m            Oieav&ge,pTOceBg(if,  St. 

Cutis-layer,  848. 

■            -  eqnal,  B7. 

Cutis-platc,  171,  343. 

CnTJer's  duct— »er  Dnctus  Cuvicri. 

■            —  hUtOTT  of,  69. 

F            —  partial,  dJKoidal.  67,  S2. 

—  BcUeme  of,  5T. 

D. 

-  unequal,  67, 58. 

Clearage-ovity,  67. 

ClBatage-cells,  secondary,  66. 

Decidna,  235. 

Clesvage-nudem,  40. 

—  of  Man,  213,  352. 

Cleft  p&lftU,  621. 

—  refleia,  343.  266. 

Clitom,  400. 

—  RerotiuB,  243,  2S7. 

Cl«wa,  398. 

—  vera,  213,  253. 

Decidual  cells,  25S. 

L             —  plkte,  S86. 

Dental  furrow,  309. 

—  groove,  309. 

■ ,                    423.  140. 

-  papilla,  307. 

W            —  plate  of  pUcenU,  263. 

-  ridge,  308. 

"            Coccyx,  600. 

—  sae,  310.                                     ^^^H 

Cochlea,  194.  602. 

DentjJc,  626.                                  ^^^^H 

C<Ecnm,  301, 

Derma,                                             ^^^^H 

Cffilenteriefoldj.  111. 

Dermal  navel,  305.                         ^^^^^^M 

CcBlentcron.  86.  107,  170. 

~  slceteton,  616.                            ^^^^H 

Ccelom-theory.  153,  IS'J. 

—  stalk.  205.                                             ^H 

Coloboma  choroidefe,  181. 

—  yolk-sac,  205.                                       ^H 

—  iridiB,  181. 

Comrimn,  132. 

DoBcensuB  oTanomm,  393,  396.                  ^H 

H            Cone  of  attraction.  39. 

—  testiculomm,  387.  390,                         ^^1 

K           Coniunclival  sae.  486. 

■           Connect!  7e  aubs  I  aoce,  170. 

■            —  [imne.  fibrillar.  610. 

Diaphragm,  567.                                            ^M 

M            CoDtu  medullaris,  121. 

DUphragmatic  hernia,  669.                         ^M 

ConKoid  process,  638. 

—  ligament  of  the  pronephros,  386.          ^H 
DiaphysU  (diaphysial  nucleus),  612.           ^H 
DiSerentJation,  bistoliK^ial,  83,  IQ6,        ^H 

Oorium,  621— (ce  aho  Derorn. 

Cornea,  478. 

610.                                                      ^1 

Cornua  of  lateral  ventricles  of  brain, 

Diphyodont,  .<{09.                                           ^M 

413. 

Direction  bodies — ler  Polar  oelU.                ^^| 

Corona  tadiata  of  the  egg.  U. 

Corpora  quadriga luiua,  130. 

Diverticulum  Nuckii.  »9T.                             ^M 

Corpus  caLloBum,  416. 

Division  of  lahor,  83.                                     ^M 

—  lutt^um,  380. 

Dorsum  »^ltic,  438,  tm.                               ^H 
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IXwblc  orjrMiismii,  45. 
l)ownv  hair,  r>24. 
Ductus  BotAlli,  576,  587. 

—  <v>chleRrim  b«>ny,  SOS. 

—  c*x5hlearis  membranous  494.  497. 

—  l>irio.ri,  567. 

—  cndolympKaticoa,  49S. 
-^  linfnialia,  320. 

—  thyroWcus  S20. 

—  thywH'i^losimji,  SIR. 

—  rciKviw  Arantii,  SS.'S. 

—  vitello-intostinalis.  205. 
Pnmb-bon  ftpiire  t^f  ojrjr,  52, 

Dural  sheath  of  the  optic  noire,  48r>. 

E. 

Ear,  inner,  491. 

—  middle.  508. 

—  outer,  509. 
Ear-capculc — jwr  Auditory. 
Kar-wax  ^land^  528. 
Eetoblant,  86. 
Eetoiicrm,  86, 

Rfi».  7. 

—  abortive,  87. 

—  alecithal,  12. 

—  animal  )x>le  of.  11. 

—  ccntrolecithaU  12,  66. 

—  compound,  18. 

—  bcterolocithal,  28. 

—  holoblastic,  57. 

—  komolecithal,  28. 

—  mcroblastic,  57, 66,  197. 

—  i>f  Amphibia,  14,  .">8. 

—  of  A9cari.s  41,  5.>. 

—  of  Birds,  1 5,  62. 

—  of  Kchinoderm:^  7,  S8,  51. 

—  of  Mammals.  12. 

—  of  Man.  1.*^. 

—  Iclolcciihal,  12. 
Ejrp-ball<--*rr  Eirc-ncsts. 
Egp-oell— ^*^^  Efii. 
Kgg-enveli>pes,   9 — *rv    aJjrn  Vitelline 

membrane  and  Foetal  mem- 
brane^. 

Egg-membranes — Sf-r  Vitelline  mem- 
brane and  Foetal  membrane>. 

Egir-nests,  37 o.  376. 

E)fg-nu»'ka«.  32. 

Egg-sac*!.  376. 

Egg-tubes.  .S76. 

Egg-yolk.  7. 

Embiyomc  area,  198. 

—  spc»t,  1(>2. 
Enamel-germ,  309. 
Enamel -membrane.  3(»6^  310. 
Enamel-organ.  310. 
Enamel-pulp,  310. 
Endocardium,  544. 


Endochondmf  otsificatioii,  599,  616w 

Endolymph  of  the  car,  492. 

Rntcroc<£l,  108. 

Entoblast.  86, 108, 149— ««  «iW  Ento- 
derm. 

Entoderm.  86, 108,  149— Mr  «2j»Snto. 
blast 

Epieomiylea,  644, 

Epidermis,  520. 

—  primiUre  ilfomhUtt),  520,  460, 
469. 

Epididymis,  S88. 

Epigenesis,  24. 

Kpi{>hysis  cerebri — $f€  Pineal  body. 

—  of  bone  (epiphysial  nuclei),  642. 
Epistropheus  (Axis),  603^ 
Epithelio-mujicular  cells,  346i. 
Epitrichium,  520. 
Eponychium,  527, 

Epoi^phoron,  394. 
Eruption  of  the  teeth,  311. 
Ethmoid  bone,  619. 

—  region  of  the  skull,  608. 
Ethmoidal  cells,  518. 
Eustachian  tube,  611. 
Extremities,  muscles  of,  636. 

—  nerres  o^  637. 

—  skeleton  of,  635,  640. 
Evolution,  theory  of,  23. 
Eye,  467. 

—  chambers  of,  477. 
Eyelid,  486. 
Eye-membranes.  476. 
Eye-mu.<«cles,  852. 

F. 

Fallopian  tube.  395. 

Falx  txsrebri,  422,  439. 

Fat  gLinds,  52S. 

Femur,  644. 

Fenestra  ovalis  of  temporal  bone,  613. 

Fertilisation,  history  erf,  45, 

—  pTOceiis  of.  37,  41, 

—  the<»ry  of.  44.  . 
Fibrin,  canalised,  of  the  placenta,  261, 

2r»S. 

Fibula.  H44. 

Filium  terminale,  420. 

Fimbria,  445. 

Fi.^^ura  OAlcarina.  441.  445. 

—  rerubri  transversa,  445. 

—  choroidea  (brain),  441.  448. 

—  choroidea  (optic  cup),  483. 

—  Glaseri,  621. 

—  hippocampi,  441,  443. 

—  jiarieto-occipitalis,  441. 

—  l»etrotympanica,  621,  626. 
Foetal  membranes,  deciduous.  235, 243. 

—  of  MammaU.  221. 


^V    -         ■.' 

Ocrminatii-e  vesicle,  T. 

—  of  Rc|itilc8  iimi  Birda,  206. 

—  degeneration  of,  30. 

Folds,  tonnalion  of.  77,  IBfi. 

Germ -layer,  inner,  m. 

Fi)lli<!le8  of  ovB^T,  formAtioa  of,  am, 

—  inner,  organs  of,  281-. 

378. 

-  middle,  106,  113. 

KollieulM  ceUi,  12,  3TB. 

-  middle,  of  Chartognath*,  lOS. 

Foramen  incLatvum,  «22. 

—  middle,  organs  of,  841. 

—  ovale.  6r.9,  B88. 

-  onler,  86. 

_            —  Uoiuoi,  440. 

—  outer,  organs  of,  416. 

L           —  FiUiniuiB,  5G4. 

—  thflorj,  history  of,  145. 

■          —  pariebOe,  432. 

lierm-layers,  84. 

■          —  of  Winilow,  331. 

—  clivision  of  the  organs  acroMJng 

^        Fore-brwn,  421. 

to,  I8S. 

—  TMicle.  439. 

-  history  of.  U5. 

Fore-gut,  203.  2BS. 

-  of  Amphibia,  88. 

Formative  yolk,  11. 

—  of  Ampbioxoi,  86. 

-  of  BirdB,  93. 

Forois,  441, 

—  of  MammaU,  99. 

-  Sjlrii,  441. 

—  of  Selachiaos,  91. 

Fretum  Hallen,  eS6,  5S4. 

—  primary,  84. 

KroolaJ  bone.  619. 

Giant  celU  of  the  placenin,  2IIS. 
Gill— «•(■  Branchii. 

—  lob«,  442. 

Fundament    (_- A»lage)~ur   Tnine- 

GlimdulB  pinealis,  432. 

latort  Preface,  t. 

~  prehjoi.lea,  330. 

—  ot  tnotb,  904. 

~  Buprabyoiilea,  320. 

—  of  tooth  of  Man.  .109. 

Glan>luto  ntricnUres,  262. 

GlanduUr  area  of  milk-glands,  629. 

■           -ot  vertcbm,  S97. 

B       Fttnicalm  uubilicBlis,  262,  !A8. 

■ 

—  of  pronephros.  3(i4,  370. 

w 

■                                       0. 

—  veside  of  MammaU.  12,  8T9. 

Great  fissure  of   brain.  431— m  aJtit 

Oall-blaclder,  329. 

Interp&llial  fissure. 

Ganglion  aenBticnm,  498. 

Gron-tb,  principle  of  unequal,  76, 

—  Bpirale,  B02. 

Qubemacnlum  Huoteri,  SS8,  .ISO. 

Oartoer'a  canaU,  894. 

Qjri,  487,  4*7. 

Qaatrwa-Oieory,  B4,  149. 

Qastrala,  64, 149. 

—  of  Aiupliibia,  87. 

—  of  AmpUioxui,  86. 

Hair,  633.                                           ,^^^^H 

—  of  tbc  Chick.  93. 

_^^^^l 

—  of  Mamnuiia.  103, 

—  downy,  G24.                             ^^^^^H 

—  of  meroblMitic  eggs,  90. 

~  germ  of,  622.                            ^^^^^M 

—  of  ReptiloB,  97. 

—  shedding  of,  626.                      ^^^^^H 

—  of  Selachian.  90. 

I  lair-tollicle,  632.                            ^^^^M 

Gelatin  ot  Wharton,  2T0. 

Hair-papma,  622.                                           ^H 

Uammw  (malleus),  i;i2.  021.                          ^H 

697. 

Hare-lip.  624.                                                   H 

—  tJMOe,  539. 

Head-cavities,  861.                                      ^H 

Head-gat,  203,  283.                                          ^M 

600. 

Head-told,  200.                                                  ^H 

Genital  cord,  387. 

-  ^acflifo  Sexual. 

^1 

lleail-segments;  169,  361.  ias.                     ^H 

Oerm-cells,  374. 

Head-sboalh,  208.                                            ^M 

Qerm-dlBC,  11. 

Head-skeleton,  1X3.                                       _^H 

Germinal  cpitholinm,  374. 

Heart,  642,  546,  663.                                       ^H 

■        acrmiuatire  spot,  7,  9. 

—  auricles  of.                                 ^^^^^H 
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Heftrt,  contractions  of,  cr>1. 
HeriHen*!  mxle,  129. 
Hepatic:  circulation,  6fl3. 

~  cjrlimleiB,  327. 
HermaphrrxIitUm,  402. 
Hernia,  rliapbragmatic,  />69. 
Hifchmoriau  antrum,  518. 
Hiiid-hrain,  421. 

--  vcfiiclc,  422. 
Hind-Kut,  cavity  of,  203. 
HipiKM^aiiipal  fold,  443-5. 

—  fum)W— #^  Fiiwura  hipporampi. 
Holoblantic  cj^km,  67. 
llomolocithnl  C|,cR<it  28. 
Howship'H  pitH,  313. 

HumuruM,  tUl,  644. 
Hydatid  of  oviduct,  395. 

—  of  HUpnirciifll,  31K). 
Hydramnion,  251. 

Hyoid  archcM,  289,  009,  610. 

-  bone,  613,  619. 
Hyomanclilmlnrc,  610. 
Hy|K)l)ranchial   furrow  of  TunicatcR, 

317. 
IfyiiophyiiiAl  pocket,  437,  594,  607. 

—  «ic,  437. 
HyiK)pliyHiH,  436. 
Hypoapadias,  408. 

I. 

Idioplavm,  44. 
Ilium,  639. 
Incus,  612. 

Infundibulum,  431,  425. 
Inguinal^cannl,  392. 

—  liffnmcuit  of  pronephros,  386,  31K), 

396. 
"   ring,  392. 

Inscrtio  ccutralis,  marginalia,  vela- 
mcntosa  of  human  umbilical 
cord,  269. 

Insula  Keilii,  442. 

Intermaxillary,  622. 

Interme<liatc,  171 — x/r  aha  Mesen- 
chyme. 

—  cartilage  of  the  joints,  645. 

—  conl  (spinal  ganglia),  451. 
Intermuscular  ligaments,  350. 
Interpallial  fissure  of  brain,  439. 
Tnterparietale,  619. 
Interplaccntar  spaces  of  plat^entn.  263, 

268. 
Intervillous  spaces  of  plaaMitn,  2(i3, 

268. 
Intestinal  entrance,  203. 

-  fold,  203. 
groove,  203. 

I(X)p  of  human  embryo,  297,  301. 

—  navel,  205. 


Intestinal  portal  (anterior  and  poa- 
terior),  203. 

—  sUUc,  205. 

—  tube,  281. 

—  Mee  also  Alimentary. 
In  tumescent  ia  cenricalis  et  InmbaliF, 

421. 

—  gangliformis  Scarpa,  498. 
Jridal  fissure,  484. 
Iris,  478,  482. 
Ischium,  639. 

J. 

Jacobson*8  cartilage,  517. 

—  organ,  514. 
Jaw-arch,  284,  609. 
Jaw-muscles,  351. 
Jelly-core  of  Echinoderm  larvsp,  170. 

—  of  interrertebral  dine,  597. 
Joints,  formation  of,  644. 

'  Jugular  vein,  577. 


K. 


Kidney,  367. 


Labia  majora,  400. 

—  minora,  400. 
Labial  fissure,  623. 
Labyrinth,  membranous,  490. 

—  osseous,  502. 
Labyrinth-region  of  skull,  608. 
Lachrymal  bone,  619. 

—  ducts,  471.  487. 
~  glands,  487. 

—  groove,  487. 

—  tubule,  489. 
Lamina  fusca,  483. 

—  quadrigcmina,  430. 

—  spiralis  ossea,  503. 

—  terminalis,  440. 
Lanugo,  524. 
Larynx,  320. 

Latebra  of  Hen*s  egg,  16. 
I/iteral  folds  of  trunk,  2CH). 

—  I)latcs.  165. 

—  process  of  vertebra,  602. 

—  -  ventricle,  425,  440. 
Lens,  growth  of,  473. 

—  star  of,  473. 
Lens-vesicle,  468,  471. 
Liyranu'iitum  Arantii,  585. 

-  Hotalli,  5s7. 

—  coronarium  hepatis,  670. 

—  hepato-duodenale,  330. 

—  hepato-gastricum,  330. 
hei^>ato-umbilicale,  686. 

—  iutermusculare,  360.  595. 


1 

^^U^StS^SteTTBrtebTkle,  G9G. 

MMilUry  prooe«,  488,  SS4.  eift 

■ 

■^         —  loterale    interniun   maxilli   inf., 

Meckel-i  cartilage,  R12.  621,  623, 
Meconium,  331,  521,  524. 

....     ■ 

W          —  ortTii.  398. 

Mediastinum,  569. 

Medulla  oblongftt)^  425. 

—  itTlo-hyoideiuii,  613. 

Medullarr  coids  of  otbit,  3S1,  394.               ^H 

—  loldB  of  Amphibia,  79, 

-  Mrw  hepatis,  330. 

—  folds  of  Amphtoius,  110. 

-  terea  uteri,  386,  3M. 

-  folds  of  the  Chick,  136. 

H           —  Tedco-nmbilicttle  Interfile.  677. 

—  furrow,  110, 125. 

^         —  Teaico-ambilicale  medium,  3g<.l, 

—  groove,  110.  125. 

^H       Llmbe,  635— irv  alto  Extremities. 

-  plate,  109,  416. 

■       Limbos  Vieossenii,  563. 

—  ridgcs-TCF  Medullarj  told* 

■        Liquor  amuii,  212, 260. 

■         —  folliouli,  380. 

■       Urer.  324. 

W        Lirer-ridge,  326. 

-  chorii,  260. 

^          Lobes  o(  the  cerebrum,  442. 

-  eboria.  306. 

—  olfactory,  448,  fill. 

—  OTftuulosa,  3B0. 

—  hjaloidea.  476. 

Lobuso!factoriuB,448, -111. 

—  Umitans,  480. 

aim  lolcnwllial  fiasure. 

Lumbar  vertebra,  002. 

Lnags,  320. 

-  reoniena  interior.  564. 

—  alveoli  of.  323. 

—  reuniea*  sojierior,  1T2. 

—  tympani,  609. 

^         LuDg-sac,  322. 

—  vaacolosB  lentis,  474. 

K        Lung-veaicle,  primttire,  322. 

—  vilellina,  7.  9. 
Mesenchymalic  germ,  114. 

I 

Hesencbymo,  154, 171. 

-of  Birds,  174. 

■        Hat^uU  acustiea,  492,  498. 

■          —  germinativa.  7,  9. 

—  theory,  170.  175,  189. 

■        Mule  pronadena.  40    tee  aUo  Sporm- 

Hesenteries,  296. 

■                   nucleus. 

Heaenlerinm,  108,  296. 

—  communa,  300. 

ment,  3S2,  403,  464,  £60,  569. 

-  ventrale.  324. 

576,  SOI,  623. 

Mesoblast,  106,  108. 118. 

Mamma,  631. 

Mesoblastic    somites.    162    *■« 

aho 

_         Mammalia  acboria,  230. 

IMmiUTB  »egment«. 

K          —  chorialA,  230. 

MeBd>cardium,  324,  643. 

■          —  decidoata,  236. 

—  anterius,  543, 

-  posteriuB,  643. 

W        Mandible  (Maxilla  inf.),  609,  619,  622. 

Mesoderm,  106,108,118. 

—  process.  284.  810. 
Manaibnlwe,  624,  609. 

—  nnteriuB,  326. 

McBonephrie  blastema,  B«3: 

^         Marginal  arch.  4+3,  446. 

-  canals,  363. 

■           -  germ,  IBO. 

—  cords,  3(13. 

^B          —  grooTB,  19ft. 

—  duct,  353,  858,  360,  SB* 

■         —  ridge,  96. 

—  tubnles,  36r.. 

F          —  '"'""  ol  'be  placenta,  2S4. 

™          Maturation,   phonomena   of,    in    the 

egg.  90. 

MaxllU  interior— »«■  MaiuUhle. 

Metanophrog,  3fi7. 

--  superior,  619. 

Micropyle,  41. 

H&zllluT  flnue,  623. 

MId-bralD,  431. 

1 
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Mi(1*brain  Tcairlc,  430. 
Middle  ear,  5(18. 

—  plate,  :\o^. 

Middle  germ-layer,  106,  113. 

—  of  Amphibia,  117. 

—  of  Amphioxus,  110. 

—  of  BiitLi,  120. 

—  of  Cfha^tognatha,  lOS. 

—  of  Mammals,  110,  129. 

—  organs  of,  341. 
Milk-glands,  528. 
Milk-teeth,  dentition,  309.  312. 
Modiolus  502. 

Morgagni's  hydatid,  395. 

Morula.  56,  68. 

Month,  development  of  the  permanent, 

2«3. 
Mulberry-sphere,  56,  68. 
Mullerian  duct,  369,  386,  .395. 
Multiple  organisms,  46. 
Muscle-layers  of  Amphioxus  and  Cy- 

clostomes,  343. 
Muscle-plate,  174,  348. 
Musculature  of  the  extremities,  350. 

—  of  the  head,  352. 

—  voluntary,  342,  346. 
Musculns  cremastcr,  .392. 

—  obliquus  abdom.  int.,  392. 
Muskelkiistcbcn,  344,  347. 
Myocoele,  349. 

Myomeres.  343,  350,  598. 
Myomerism,  632. 
Myotome,  362. 

X. 

Nail-plate,  527. 
Nails,  526. 
Nasal  area,  511. 

—  -  Ixmc,  619. 

—  furrow,  513. 

—  orifice,  inner,  514. 

—  orifice,  outer,  514. 

—  pnx^esfle^,  488,  513. 
Na«)-i>alatal  (Stenson's)  duct,  517. 
Niwi-pliaryngeal  passage,  517. 
Nerk-measurement,  2H3. 
Nephridial  funnrl,  356,  364. 
Ncphrostome,  364 . 
Nephrotome,  362. 

"SiiTVitH,  452. 

Nr*rvoH8  system,  416,  449. 
NfTviis  acusticuH,  506. 
cochleaj,  502. 

—  liyi>«)glo88us,  457. 

—  laryngeus  inf.  (recurrcns),  575. 

—  lateralis  vagi,  456. 

—  ])hrenicu8, 569. 
-  voguK,  299. 

.-  vcf<tibuli,  502. 


Neural  crest,  450. 

—  plate,  416. 

—  ridge,  450. 

—  tube,  1 10,  417. 
Nictitating  membrane,  487. 
Nipple,  5.30. 

Noee,  518. 

Notochord— ff^  Chorda  dorsalis. 

Nuchal  flexure,  423. 

—  protuberance,  424. 
Nuclear  liquid,  8. 

—  loops,  fission  of,  63,  65. 

—  network,  9. 

—  plate,  53. 

—  spindle,  62. 
Nuclein,  9,  26,  62. 
Nucleoli.  9. 
Nucleus  caudatus,  442. 

—  lentiformis,  442. 
Nutritive  yolk--#<v  Yolk. 


O. 

Occipital  bone,  617. 

—  lobes,  443. 

—  region,  608. 
Odontoblasts,  306. 
(Esophagus,  297,  299,  820. 
Olfactory  buds,  513. 

—  labyrinth,  618. 

—  lobes,  448,  611. 

—  nerve,  448,  611. 

—  organ,  511. 

—  pit,  511. 

Omentum,  greater,  299,  303. 

—  lesser,  300,  330. 
Ooscope,  212. 
Optic  cup,  469,  476. 

—  -  nerve,  484. 

-  vesicle,  423,  467. 

—  vesicle,  stalk  of,  468. 
Orbital  region,  608. 

Os  acetabuli,  640. 

—  angulare,  622,  625. 

—  articulare,  625. 

—  coccygis,  600. 

—  coracoideum,  638. 

—  dentalo,  625. 
entoglossum,  610. 

—  cthmoidale,  621. 

—  frontale,  621. 

—  hyoides,  (;i3,  622. 

—  intermaxillare,  622. 

—  interparietale,  619. 

-  ischii,  639. 

--  lacrymale,  621. 

—  lentiforme,  614. 

—  maxillare,  516. 
iwirictftlo,  621. 


Pericardial  cavity,  MS.                              ^| 

—  premaxilkre,  R22. 

FeriaudiQm,  843,  566.                                ^H 

—  iiterygoideuin,  619. 

—  pubis.  639. 

Perineam,  400.                                                ^M 

—  lempowle,  S20. 

Perivisceral  cavity-w*  Body-crity.           ^H 

—  tympanicnm.  621. 

Fes  hippocampi,  441.                                       ^M 

Osseous  linae,  541. 

l>flGger's  e^g-tiibes,  ST6.                                   ^M 

OMiScatlon,  endochondral,  CIR. 

Pharyngeal  merabrane,  894.  283.                     ^1 

—  perichondral,  filB. 

PU  cnater,  429.                                                ^M 

—  of  Tortebne,  B09. 

Pial  sheath  of  optic  nerrc,  486.                     ^M 

I'iriealbody,  43^.                                             ^H 

Oslioio  Bbdominale  tube,  369. 

-  gland,  432.                                                ^M 

Otolith.  492. 

—  oipkD,  432.                                                ^H 

B         Oater  genn-layer— *m  Oenn-liiyer. 

-  process  432.                                             ^B 

^h        Ovftrinm— we  0»ary. 

Pilnitary  body,  436.                                        ^H 

H        Ovary,  374. 

Placenta  dlicoidea,  2.SR.                              ^M 

■        Oddact  of  the  Hcd,  17. 

~  fcetalis,  234,  259.                                    ^H 

H         —  of  Man,  .195. 

—  of  Uammala,  233.                        ^^^^M 

■       OriAa,  34. 

-  of  Man,  268.                              ^^^^M 

V      Ornin--»ffl  Egg. 

-  prKvia,  989.                              ^^^^M 

■ 

—  uterina,  233,  258.                   ^^^^^M 

w 

-  Konaria,  236.                              ^^^^H 

Placental  circniation,  263.8,  f.BS.      ^^^^M 

PiiUtal  fi»ure.  BIB,  823. 

I'lane  of  diiition  (e«g),  M.                       ^H 

—  plftte,Glfi,  Oil. 

rieuio-pcricaidial  cBvity,  866.                        ^H 

—  Tclum,  primiUre,  S9H.  437. 

Palate,  618.611,622. 

—  lateralis,  444.                                        ^M 

Pancreaa,  321,  a32. 

-  po«t.,  429.                                                  ^1 

Pander's  nucleus,  16. 

Plica  semilnnaris,  487.                                     ^M 

Papilla  of  milk-elands,  830,  E31. 

Polar  cells,  32.                                                  ^M 

Papillary  bodies  of  »kin.  fi21. 

—  c«rputcle8— Mu-   Polar   celln  and           ^H 

--  mntcles.  56H. 

ParablasC,  ISO,  189. 

—  differentiation  of  cRg.  H.  SB,                    ^H 

Parablast-nnclei,  84. 

~  spindle,  43.                                            ■ 

Parablast-tbeory,  189. 

Pole  of  e^,  animal,  1 1 ,                                   ^H 

Parachordal  cartilages,  606. 

—  Tegetative,  11.                                          ^H 

Paradidymis,  388. 

I'olyphj'OdQnt,  309.                                         ^H 

ParanTiolein,  SB. 
Parietal  c»yity,  6611. 

PolrapcrcniB,  44.                                              ^^1 
Po[is  Varolii,  429.                                          ^^1 

I'ontal  flexure,  423.                            ^^^^^H 

—  eye,  436. 

Portal  circoUtiou,  583.                     ^^^^^1 

-  lamella,  174. 

594, 586.                           ^^^^H 

—  lobea,  443. 

l-oat-anal  ^t,  290,  292.                   ^^^^^H 

l'uatcriornarcs.61l.                         ^^^^^H 

—  Kone  of  blastoderm,  1«7, 

I'ar(*phoron,  304, 

Paro»ariQin,  394. 

I-rimitiTS  ora,  374.                                           ^H 

-  groo»e,121,13.1,ia5,2e2-w<rlw           H 

Parthonogeaetic  eggs,  3*.  36. 

Patella. ««. 

lite  groove,                                             ^H 

Pecten  of  Bird's  eye,  493. 

-  organs.  8(1,  187.                                           H 

Pectoral  girdle,  63H. 

—  acgmcnt  p1a(i»,  166.                               ^H 

FedoncitlDB  cerebclli  wliionlcin,  420. 

-  ■egmenta.  112.  lUI.                                     H 

—  cerebri,  BSO. 

—  setrmeuts    of    Amphibia,    Birds.            ^^| 

—  flocculi,  439, 

Pelric  girdle,  «3S. 

—  s(siupjii»  of  AmpMoxus.  112,  161.            ,^H 

J 

Penia,  40S. 
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Primitive  segments  of  the  trank,  342. 

—  spermatic  cells,  374,  382. 

—  streak,  121, 133,136,  2if!^—§re  also 

Blastopore. 
Primordial  bones,  615. 

—  bones,  enumeration  of,  619. 

—  cranium,  605. 

—  craniam,  cartilaginous,  595,  607. 

—  cranium,  chordal.  607. 

—  cranium,  evertebral,  607. 

—  cranium,  membranous,  596,  605. 

—  cranium,  prechordal,  607. 

—  cranium,  vertebral,  607. 
I*rinciples  of  development,  76. 
Proamnion,  230. 

Processus  ciliares,  479. 

—  pinealis,  432. 

—  styloideus  of  petroml,  618. 

—  styloideus  of  radius  and  ulna,  644. 

—  vaginalis  peritonei,  391,  396. 
Prochorion,  224. 

Pronephric  duct,  368,  359. 
I^nephron,  353. 
Pronucleus,  32. 

—  female,  32 — «n*  aUo  Egg-nucleus. 

—  male,  40 — sec  aUo  Sperm-nucleus. 
Prostata,  402. 

Prostate  gland,  402. 
Protoplasmic  radiation,  40,  61. 
Proto vertebrae,  162,  598— jrr  also  Pri- 
mitive segments. 
Pterygoid  process  of  sphenoid,  619. 
Pubic  bone,  639. 
l^ilmonary  alveoli,  323. 

—  arterv,  564. 
l^lpil,  478. 


R. 


Radiations  of  protoplasm,  40,  51. 

Radius,  64. 

Rathkcs  i)ocket,  285,  437. 

—  j)ouoh.  28."),  437. 

—  tra Uvulae  cranii,  606. 
RaulxTs  layer,  102. 
Rooeptive  elevation,  3t*. 
R(.vcsj)U8  Iftbyrinthi,  41*3. 
Regio  olfactoria,  olo. 

-  respiratoria,  515. 
Roichert's  cartilage,  613. 
He-segmentation  of  vertebral  column, 

598. 
Reserve  material,  21. 
Rcte  testis,  384. 
Retina,  480. 
Ribs,  {\C0. 
Ring-lobe,  442. 
Roots  of  attachment  of  the  chorion, 

260. 
Round  ligament.  386. 


i 


BuBConian  anna,  88. 

—  digestive  cavity,  88. 

S. 

Sacculns,  496. 
Sacral  ribs,  602. 
Sacrum,  602. 
Salivary  glands,  306. 
Scala  tympani,  506. 

—  vestibuli,  506. 
Scapula.  638. 
Schuoccel,  108. 
Sclerotica,  471. 
Sclerotome,  172,  348,  862. 
Scrotum,  392,  402. 
Sebaceous  glands,  628. 
Scessers  pocket,  594. 
Segmental  theory  of  skoll,  631. 
Segmentation — tee  Cleava^ 
Sella  turcica,  438,  607. 
Semicircular  canals,  bony,  608. 

—  membranous,  494. 
Semilunar  valves^  664. 
Seminal  ampullso,  883. 

—  mother-cells,  888. 

—  tubules,  384. 

—  we  oho  Spermatic. 
Septa  placentae.  262. 
Septum  atriomm,  668. 

—  transversum,  667,  677. 

—  ventriculorum,  660. 

Sexual  cords  of  the  mesonephros,  381- 
383, 404. 

—  eminence,  399. 

—  folds,  400. 

—  glands — see  Sexual  organs. 

—  groove,  400. 

—  organs,  374. 

—  organs,  external,  397. 

—  pa^  of  mesonephros,  887,  394. 

—  ridge,  399. 

Sheath  of  the  root  of  hair,  625. 
Shell  of  Hen's  egg,  17. 
Shell-membrane,  17. 
Shoulder-blade,  638. 
Shoulder-girdle,  638. 
Sinus  cer\'icalis  (precervicalis),  289. 

—  coronarius,  565,  581. 

—  ethmoidales,  518. 

—  fron tales,  518. 

—  genitalis,  396. 

—  occipitales,  518. 

—  prostaticus,  389. 

—  reuniens,  .')68. 

—  -  sphenoidalcs,  518. 

—  superior  of  vertical  semidicolar 

canals,  496. 

—  tenninalis,  184, 549. 

—  urogenitalis,  398. 


^^^^^^^^^^1                                                                           ^1 

^F  Bkelettm,  593 

Teat,  3:W.                                                           ^M 

■      —  uJAl,  172,  593. 

Teetb.  reserve,  308.  3!2.                                    ^H 

V     Bkiii,GiiO. 

—  sbeddiiig  of  (HammaU),  30D.                    ^M 

■-      Sknll,  B09. 

~-  sbedding  of  CMan).  3l;j.                            ^M 

—  fiwiftl  part  of,  fi04. 

—  shedding  of  (Hhark),  3011.                         ^H 

Bcnegiaa  embryouum,  520. 

—  supplementary,  308,  ai2.                          ^H 

Sole-horn,  527. 

Tl>U  choroidea,  anterior,  431.                           ^H 

—  fold  of,  443.                                               ^H 

(fcmiW^  1(13. 

—  torrow  of,  44S.                           ^^^^H 

—                                        ^^^^^M 

-  cells,  19, 382. 

~  Inleral,  144,                                 ^^^^^H 

—  filaments,  IB. 

~  posterior,                                    ^^^^^H 

—  mothfiT-ceI3«,  .183, 

-  snperior,                                 ^^^^^H 

■^  ter-atn  Scmiiml. 

Tdolecitbal  eggs.  12.                        ^^^^^H 

Spernuttid,  SO. 

~                                                       l^^^^^H 

Temporal  bone,  619,  SSO.                   ^^^^^^H 
-  tobes,  443.                                   ^^^H 

Sphenoid,  KIT,  B20. 

Tensor  tjmpani,  608.                        ^^^^^H 

Spinal  cord.  *18. 

Testa,                                                 ^^^^H 

—  ganglia.  14B. 

Tettis,  382.                                        ^^^^^H 

Bpindle-flbraa.  52. 

—  envelopes  of,  392.                      ^^^^^H 

Spiracle  of  Bolftchians,  506.  601). 

Thalamug  opticus,  426.                      ^^^^^^H 

Btalk  ot  the  brain,  430, 

Theca  folliculi,  377.                                           ^H 

Stapes,  613. 

Thoracic  caritj,  567.                                           ^H 

Throat-clefts— *«  Visoeral  defta.                     ^M 

Bteneoii'*  doct.  517. 

Thjmaa,  314.                                                ^H 

Bterea!  bare,  600. 

Thyroid  gland,  317.                                           ^H 

Sternum,  600. 

Tibia,  644.                                                          ^H 

Stomach,  295. 

Tongtie.  fundament  of,  Wi .                              ^H 

—  torsion  of,  298. 

Total  lurrowa  of  brain,  411,  446.                      ^H 

Stjloid  process  of  petrMal,  613. 
—  of  ulna  and  radius,  614. 

Trabccolie  craoii,  606.                                            ^H 

Trachea,  320.                                                      ^H 

SubslanUa  perforata  post,  430. 

Tnummiasion- theory,  44.                                   ^^| 

BubstaniinBelQ,  181. 

Tmncns  arterioBus,  549.  564.                             ^H 

Sulcas  centralis.  447. 

Tnmli-segmcDts,  168,  458.                                 ^H 

—  int^TTentricolaiiB,  663,  560. 

Tuba  Euatacbii.  60G.                                         ^H 

—  Fsllopiie,  396.                                             ^H 

Buperfetation,  4t. 

TnbnU  recti  of  tesda,  384.                                 ^H 

tion,  65.  S9,  139. 

Tunica  prapiia  teatU,  392.                                ^^| 

-  hair.  625. 

—  teeth,  808. 

Turbiuals,  615,  61S.                                           ^H 

—  teeth  of  Man,  312. 

Tympanic  cavity,  506,  BOS,  GIO.                      .^H 

Sapn-pericaidial  bodies  of  Shark,  188, 
Sapnrenai  b«lia,  403. 

-  «»la,  603.                                    ^^M 

^^^H 

Tmatator'B  Preface. 

Ulna.                                                       ^^^H 

^        —  tiMoe— »M  ConuMtive  tissDCb 

Umbilical  cord,  952,  368.                            ^^M 

■     Satnra  indslTa,  622. 

~  vein,  iTO,  652.  678.                           ^^B 

B     Sweat-glands,  GS8. 

-  vericle  of  Uan,  251.                               ^M 

H    flTrnpatbetic,  462. 

—  vessels,  218,  260,  370,  652,  576.                  ^H 

Urachua,  217,  369.                                            ^H 

^P 

Ureter,  367.                                      ^^^^H 

Urethra,  402,                                     J^^^^H 

Urinary  bladder,  8911.                     ^^^^H 

V    Tinifl!  thalnmi  optifi,  132. 

—  organs,                                    ^^^^^^H 

B   nul-told,  200. 

Urogenital  system,  853.                   ^^^^^H 

670 


IKDCX. 


Ctennc  ;^Uii>ih.  iZb,  252.  253.  271. 
L'Urnuj,  395. 

—  nuwculiiiufc,  389,  402. 
CtnculuH  of  labyrinth.  494,  49«. 
Uvea  of  iris,  ihS. 


V. 

Vagina,  31*5. 

Valvula  Eiwtachii,  565. 

—  foramiDis  ovali«,  505,  567. 

-  Thc'ljcwi,  5*r>. 
VaM  deferem^,  38M. 
Vaciculjkr  endothelium,  175. 

—  f^lomerultui  of  the  pronephruK,  357. 

—  glomerulof  of  the  meaoDCphrob, 

364. 
Vegetative  ccIIm,  6<). 

—  pole  of  egg,  11. 
Velum  medullare  ant..  430. 

-  inf.,  sen.,  {locit.,  429. 
Vena  azygoA.  583. 

—  cardiiialis,  581,  582. 

—  -  cava  inf.,  578,  582.  583. 

—  cava  HUj).,  58<J,  583. 

—  coitjnana,  581. 

—  hemiazygos.  583. 

—  hepatica,  584. 

—  jugulariH,  oSil 

—  omphalome8eiitcrica,251.270. 560. 

577. 

—  umbilicaliH,  270,  552,  578. 

—  vertcbraliH,  <K)2,  572. 

—  vitellina,  549. 
Venous  syutcm,  577. 
Ventricle  of  brain,  425,  431. 

—  of  heart,  554. 
Ventricular  septum,  5<»0. 
VentriculuM  aepti  |jellucidi,  44(i. 

—  (of  heart),  554. 
Vermiform  proceSH  (brain),  430, 

-  api>enda^^e  (ccecuni),  301. 
Vemix  caueoMi,  520. 
Vertebral  bo<ly,  51»7. 

—  column,  cartilaginouH.  51»«J. 

—  column,  membranous,  595. 

—  fundament,  590. 

--  theory  of  bkull,  027,  032. 

—  the<jry  of  hkull  ((iepenbaur),  iVM). 

—  theory    of    skull   (Goethe-Oken). 

628. 
Vcsicula  blast jxlermica.  224 — *<<•  aUo 
lUastula. 


Vesicula  jferminativa.  7. 

—  ambOicalifi.  251. 
Vestibalnm  of  the  ear,  505. 

-  vaginae,  iOO. 
Villi  of  the  chorion,  248.  259. 
Villous  epitheUnm.  261,  268. 

—  membrane.  230. 
VL<ieial  arches,  286,  6<.i9. 

—  arch€«,  cavities  of,  351,  566. 

—  arches,  vessels  of,  571. 

—  clefu,  285. 

—  furrows,  285. 

—  grooves.  285. 

—  lamella  of  laeBodenn.  174. 

—  skeleton,  609.  620. 
Vitelline  arteries,  270. 

—  area,  185. 

—  circulation,  549.  551. 

—  linct,  205,  230,  251,  270. 

—  membrane,  7,  9,  40. 

—  nuclei,  64,  178. 

—  plog,  117. 

—  sac,  197.  218. 

—  sac  of  Man,  251. 

—  veins,  550,  577. 

—  wall,  99,  178. 

Vitellus  (VitcUine  plate*).    8.   11-17, 

221,195— «rea/«»  Yolk. 
Vitellus,  7. 

—  formativus,  11. 

—  nutritivus,  11. 
Vomer,  617. 

W. 

Wharton's  gelatin,  270. 
White  yolk,  15. 
Winslow's  foramen,  331. 
Witches' milk,  531. 
Wolffian  body,  359. 

—  duct,  358,  359. 
Wrifit-bones,  641. 


Y. 


Yellow  yolk.  16. 

Yolk — sec  Vitelline  and  Vitellu* 


Z. 

Zona  iK'llucitla.  12. 
Zonula  Zinnii,  48U. 
Zygoma,  619. 
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